A NS MR W R R pedw e A

[ S ety

) I S I S |

e,
[ B

[
i

| |

-4+ 7

Lo 25t e

- —

FINAL REPORT

on

SAMPLE DETECTION AND ANALYSIS TECHNIQUES
FOR ELECTROPHORETIC SEPARATION

to

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GEORGE C. MARSHALL SPACE FLIGHT CENTER
MARSHALL SPACE FLIGHT CENTER, ALABAMA 35812

June 12, 1975

by

Richard D. Falb, Kenneth E. Hughes,
and Thomas R. Powell

(Contract No. NAS8-29629)

(NASA—CR-1Q3877) SAMPLE DETECTION AND
ANALYSIS TECHNIQUES FOR ELECTROPHORETIC
SEPARATION Pinal Report (Battelle Columbus
Labs., Ohio.) 465 p HC $11.50 ¢SCL 07D

BATTELLE
Columbus Laboratories
505 King Avenue
Columbus, Ohio 43201
Franklin County

G3/25

N75-26061

Onclas N

27340 A
< 5'*9;



PR J‘

]
[ 3

-~
n

ol P Gy ) G el ey EAP PENE BEA SU DAR WM S aes  was

feno, A Y WEPREAR R TG  S A

»
.

.

BT U RO < IR 2 TS
L-:-, 1

o

£¥Batielie

Columbus Laboratories
505 king Aveniie
Columbus Otuo 43201
Telephone (014) 299-3151
Telex 24-5454

June 12, 1975

Nationai Aerconautics and

Space Administration
George ©. Marshall Space Flight Center
Marshall Space Flight Center, Alabama 35812
Attenticn EH34/Dr. R. E. Allen
Dear Dr. Allen:

Contract No. NAS8-29629

Enclosed are 6 copies of the corrected report on your project entitled
"Sample Detection and Analysis Techniques for Electrophoretic Separation".
In this report, we have incorporated the corrections which you gave me
during our phone conversation of May 28 as well as several additional
changes which we made after careful scrutiny of the draft copy.

In our recent conversation, you asked why we chose the topic "carrier
proteins" in our Medline search (page 5). This topic was chosen because
of the particular section headings available in the Medline data retrieval
system. The only topic available under '"proteins' was carrier proteins,
and thus we had to choose this somewhat awkward title.

We were pleased to receive your report that the initial review of the
report has been favorable, and we hope that our work will be of service to
NASA researche-s in the future.

Very truly yours,

&quAL1p~4, AC?VF%14LL’
Richard 1. Falb, Manager
Bioengineering/Health Sciences Section

RDF:sad
Enc. (6)
Airmail

cc: AS21D - 5
AT01/sames Wiggins - 1
EM34/3. P. Cantrell - 1
EH35/Ms, Frances Scott - 1
Ar13-F/Ray Weems/Contract Mgr. - ltr only
F. Warren Sheets/DCASO - 1ltr only
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SAMPLE DETECTION AND ANALYSIS TECHNIQUES
FOR ELECTROPHORETIC SEPARATION

by

Richard L. Falb, Kenneth E. Hughes,
and Thomas R. Powell

INTRODUCTION

This document is the final report on your program entitled "Sample
Detection and Analysis Techniques for Electrophoretic Separation'. The pur-
pose of this research program is to identify and evaluate methods for detec-
tion of bilologically derived substarces in an electrophoretic or other
separation device used in a space labnratory. Previous in-flight demonstra-
tions have indicated that electrophores!s in space ‘s feasible and that sep-
aration is possible without supporting meaja. In subsequent space experiments,
electrophoretic separation of various biological agents will be performed.
During these experiments, it is desirable to measure quantitatively the degree
of separation of the agents, to determine the performance limits of the sepa-
ration methods, and to monitor the progress of the separation in order to tell
when the experiment should be cterminated.

In addition to wmonitoring techniques suitable for space experiments,
it is also necessary in some cases to detect the biological agents in samples
in a ground-based operation. For example, in a current method under study,
the separated sample will be quick-~frozen and transported back to earth for
analysis. Because of the nature of these frozen samples, specialized analyt-
ical techniques will probably be essential to detect the separated zomes.

The detection techniques which will be amenable to operation in the
space laboratory are subject to a number of limitations including space, power,
weight, fluid-handling problems, a.d other aspects of operation in a zero-g
environment. This study was undertaken to examine methods of detection of
biological agents which would be particularly suitable for space flight oper-
ation and to describe and define any modifications of existing techniques which

would be required.
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In this report, we have reviewed and selected appropriate analytical
techniques and have described their princinles of operation. We have also
analyzed commercially available equipment with respect to several performance
characteristics. The information contained in this report is designed pri-
marily to serve as a handbook for researchers involved in NASA's space bio-
logical processing program. Hopefully, the researcher could determine from
this report the best methods of detecting any given biological candidate
material of interest to him. The explanations of the principles of operation
and evaluation of the devices are simple and straight forward. A serious
attempt has been made to avoid complicated technical language. Thus, this
report is not designed to explain in detail the finer points of any of the
analytical methods, but is designed to acquaint the scientist with broad,
general principles. Included in the report are a number of suggestions of
modifications of existing instruments which could be made to enable more
facile detection of the biological candidate materials in space. We have
contacted a large number of instrument manufacturers and they have indicated
their general willingness to work with NASA in any weay possible to adapt their

instruments to NASA's needs.

OBJECTIVES

As stated in the Introduction, the primary objective of this pro-
gram is to review available analy+ical technicues for detection of biologi-
cal candidates. To obtain this overall objective, our contract with NASA
has specified the following tasks.

Task 1: Suggested classes of biologicals and a list of
specific candidates of high interest to researchers shall
be provided to the contractor by NASA. Established quanti-
tative assay techniques that have proven to b2 the most
sensitive for each class of candidates shall be listed by
the contractor. The contractor shall supplement this list
with advanced assay techniques derived from literature
surveys and contact with scientific persomnel.
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Tagsk 2: For each technique cited in Task 1, a detailed
technical explanation shall be given to how the technique
operates. This explanation will deal primarily with the
technique employed, rather than the hardware, and the
unique quality of the candidate which makes the technique
specific. Specificity, quantity, quality, and state of
the candidate shall be discussed in relation to the tech-
nique.

Task 3: For each technique described in Task 1, the
contractor shall list and describe commercially available
hardware, their vendors, and cost. The equipment listed
shall be from a variety of manufacturers. The contractor
shall describe and cross reference the technical discussion
of Task 2 with each specific instrument. The contractor
shall discuss the complexity of operation, sensitivity,
ranges, weight, volume, and power requirements of the com—
mercial equipment. Reliability of each unit shall be
assessed by contacting at least three users operating the
specific hardware under field conditions. The names,
addresses, and phone numbers of persons consulted shall be
listed along with hov long the instrument has been in use.

Task 4: A summary evaluation shall be given by the contractor.
It shall rank, in descending order, assay equipment and tech-
niques most compatible with spacecraft operations. The ranking
will consider small sample size and concentration, equipment
sensitivity and reliability, availability, hardware modifica-
tion requirements, and other manned spacecraft constraints in
assessing space compatibility. Additional advanced techniques
and equipment shall be discussed and compared with those tech-
niques now being used.

The next section of the report outlines the methods of procedure

adopted by Battelle in fulfi{lling these tasks.



METHODS OF PROCEDURE

At the outset of this research program, a meeting was held at
Marshall Space Flight Center with representatives of NASA and Battelle to
discuss the objectives and conduct of the research program. Present for
Battelle at the meeting were Dr. David Marshall*, Principal Investigator,
and Dr. Richard D. Falb, Co-Investigator. A list of potential biological
candidates of interest to NASA for space separation techniques was pre-
sented by NASA and discussed in detail. It was emphasized at that time
that we should review detection techniques for a very broad range of bio-
logical agents and not be confined to the specific candidates discussed at
the meeting. The bioclogical candidates ranged from proteins and polynucleic
acids up through various kinds of cells. Particular emphasis was placed
upon electrophoresis of cellular particles since a zero-g environment has
certain advantages for this technique. The three prime biological candidates
which were discussed with us at the meeting were B and T lymphocytes, cultured
kidﬁ;y rells, and aldeﬂ&de-fixed red cells. It was also emphasized at the meet-
ing that the scope of the project should include, but not be limited to,
electrophoresis. We were instructed to examine detection techniques for sepa-
ration processes in general.

Based upon the initial meeting with NASA and the tasks outlined in
our contract, we then devised methods of procedure as described in the follow-

ing sections.

Literature Searches on Separation Processes

As a first step in reviewing detection techniques which were relevant
to the objectives of this program, we conducted several automated literature

searches which were focused primarily on cell separation techniques. The

* Dr. Marshall left Battelle's employ in June, 1974, and was replaced by
Dr. Falb as Principal Investigator.
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literature on separation techniques served as a good source for analytical
techniques because the vast majority of the references obtained described
analytical teckaiques as well as separation processes. Battelle has
access to several automated literature search services and these were

1

utilized by referencing certain key words a. ' topics. In order to obtain

as broad a base of information as possible, several different sources were
utilized for literature searches. In addition, a variecy of key words and
topics were used. Table 1 summarizes the automated searches that were con-

ducted and the key words and topics used in the searches.

TABLE 1. AUTOMATED (MACHINE) LITERATURE SEARCHES

Citations
Reported (Utilized)
(1) Medline 303 (95)

(a) Separation of lymphocytes by electrophoresis
(b) Detection of electrophoresis

(c) Separation of lymphocytes and kidney cells
(d) Separation of carrier proteins

(2) CIRC~II Database 900 (10)
(a) Separation of lymphocytes, or kidney cells,
or proteins
(b) Electrophoresis, isotachophoresis, and
electroosmosis

(3) Engineering Index 106 9)
(a) Electrophoretic separation techniques

(4) Chemcon 66 (21)
(a) Electrophoresis techniques

(5) Nuclear 3cience Abstracts 107 17)
(a) Electrophorecic separation

(6) Defense Documentation Center 268 (20)
(a) Detection, electrophoresis
(b) Electrophoresis

(7) NASA RECON 126 (15)
(a) Electrophoretic separation
(b) Particle Separation Te¢:hniques

Total 1,876 (187)
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As can be seen from the table, seven different automated searches
were performed and these yielded a total of 1,876 citations. These cita-
tions contained information on the key words in the articles, the authors'’
names, the title of the article, and the reference.

In addition to thu automated literature searches, we aleo manu-
ally reviewed several journals as a source of current information. The

journals which were reviewed are as follows.

Separation Science

Analytical Chemistry

Review of Scientific Instruments
Instruments and Control Systems
Analytical Biochemistry

Science

Clinical Chemistry

In addition, background information on the orinciples of operation
of the various detection techniques was obtained from several published tex
These books will be referenced in the bibliography.

A final source of information from the literature was obtained from
trade journals and publications by manufacturers of various instruments.
Quite often these later publications contained excellent descriptions of the

principles upon which the devices operate.

Analysis of .Literature Searches

As a result of the automated and manual literature sesrches, a very
large volume of potentially relevant information was obtained. The next task
in the program was to analyze the sources of information, to sort out those
which were relevant, and to abstract the necessary information. The citations
from the automated searches were reviewed, and on the basis of title, key
words, and information contained in abstracts, a number of references were
selected for further study. Similarly, references obtained from the manual

literature searches were reviewed and relevant articles sefected.
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Copies of the articles selected after the first review were then
obtained for further analysis. In order to efficiently utilize the infor-
mation in each of these paperg, an information retrieval system was set up.
This system was designed to enable us to correlate a large volume of infor-
mation for utilization in our later surveys. The first step in the retrieval
system was a bibliography worksheet* which was designed for the purpose of
providing a convenient method of abstracting and categorizing information.
Each of the articles was carefully read and the information relating to the
detection method, assay technique, substance separated, supporting medium,
and other information deemed important was abstracted on this worksheet.

As a second step, a cross-referencing system was set up to enable
compilation of informaticn from severai Jifferent bases. In addition to
the first author, each of the articles was cross-referenced with respect to
(1) coauthor, (2) detection and assay technique, (3) particle separated or
analyzed, and (4) authors' af 'liation. This cross-referencing systen
enabled one to quickly scan the relevant work by one particular author or

to quickly retrieve information on any particular detection or separation
technique.

Classification of Detection Methods

As a third step in our work on this program, a general review of
detection and analytical technijues was made., The sources for the review were
information obtained from the literature searches and several compilations of
analytical methods available in the curreat literature. From these sources,
an overall classification of analytical techniques was developed. A summary
of these techniques is contained in Table 2.

In the first category, primary method- were defined as analytical
techniques based directly upon a given physical principle. Secondary tech-
niques were classified as those which employed some physical principle to

* A sample copy of a bibliograpr - worksheet is contained in Appendix A.



TABLE 2. CLASSIFICATION OF DETECTION METHODS

II1.

I1I.

Iv.

Primary Detection Methods

Photometric

A. Absorptive
1. Infrared
2. Visible

3. Ultraviolet
4. Atomic adsorption

B. Refractive
1. Light scattering
2. Nephelometry
3. Pulsed laser scattering
4, Interferometry
S. Refractometry
C. Emissive
1. Fluorometry
2. Phosphorimetry
3. Enmission spectrography
D. Polarimetric
1. Optical rotary dispersion
2. Circular dichroism
3. Polarimetry
Electrometric
A. Potentiometry
B. Conductimetry
C. Coulometry
D. Flame ionization
E. Polarography
Radiometric
A. Scintillation photometry
B. Autoradiography
C. Bet: absorption
D. Mossbauer spectroscopy
E. Direct radiation counting
F. Neutron activation
Thermometric
A. Thermoconductivity
B. Microcalorimetry
C. Differential thermal analysis
D. Differential scanning calorimetry
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TABLE 2. (continued)

v.

VI.

I.

II.

III.

Iv.

II.

Magnetic

A. Nuclear magnetic resonance
B. Electron spin resonance
Ultrasonic

Secondary Techniques

Light microscopy
A. Manual
1. Light field
2. Dark field
3. Fluorescence
B. Pattern recognition computer

Electron microscopy
Particle counting
A. Optical
1. Flow-through (photometry)
2., Static (light microscopy)
B. Electro-conductimetric
Photography

Image enhancement techniques

Specific Detection Methods

Tamunologically based
A. Immunofluorescence
B. Radioimmunoassay
C. Agglutination

Enzymatically based

A. Chromogenic substrates
B. ATP photoluminescence
C. Fluorogenic substrates
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produce an image which was then further analyzed. In this category, micro-
scopic and photographic techniques played an important role. The third
classification of techniques was those which depended upon a specific bio-
logical reaction to detect particles. In this category are piaced immrno-
logical and enzyme reactions.

The sheer volume of the techniques in this summary made it essen-
tial that we apply evaluative criteria for se . :tion of optimum techniques
fairly early in the research program. Accordingly, the primary criterion
for selection of appropriate techniques was based upon the type of informa-
tion obtained by the technique. If the information obtained related primarily
to the molecular or subcellular structure of the biological material rather
than its concentration, the method was eliminated from further consideration.
Techniques such as nuclear magnetic resonance, Raman spectrometry, electron
spin resonance, Mossbauer spectrometry, differential thermal analysis, circu-
lar dichroism, optical rotary dispersion, and differential scanning calori-
metry were eliminated from consideration because these techniques give pri-
marily information on molecular or cellular structure.

A second criterion for the inclusion of techniques was their general
applicability to biological molecules. The range of particles under consider-
ation begins with proteins as the lower limit of size and goes up to large
cells 20 microns in diameter. These substances are dissolved or suspended in
a buffered aqueous medium and must remain in this medium during the analysis.
Thus, detection methods for the gas phase, such as flame ionization and thermal
conductivity, were eliminated. Similarly, techniques which detect only ele-
ments, such as flame and emission spectrometry, and atomic adsorption, were
eliminated from consideration. The criterion of broad applicability elim-
inated such methods as amperiometric titration and polarography.

A final criterion for selection of techniques was the sensitivity with
which cthese techniques could detect biological agents. A number of these tech-
niques eliminated by the criteria stated above required fairly concentrated
samples and thus were eliminated for low sensitivity. A listing of those

methods chosen for further analysis is shown in Table 3.

P
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TABLE 3. REVISED LIST OF DETECTION METHODS

II.

III.

Iv.

II.

III.

Iv.

Primary Detection Methods

Photomatric
A. Absorptive (transmitted or reflected light)
1. Infrared
2. Visible
3. Ultraviolet
B. Refractive
1. Forward light scattering
2. Nephelometry (side scattering)
3. Refractometry
C. Emissive
1. Fluorimetry
2, Phosphorimetry
D. Polarimetric

Electrometric
A. Potentiometry
B. Conductimetry

Radiometric

A. Scintillation photometry
B. Gamma ray spectrometry
C. X-ray fluorescence

D. Beta absorption
Microcalorimetry
Ultrasonic

Secondary Methods

Multiparameter cell analysis

Automated image analysis

Particle counting

A. Optical

B. Electro-conductimetric (Coulter method)

Photography

Light microscopy
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TABLE 3. (continued)

II.

Specific Methods

Immumologically based
A. Immunofluorescence
B. Agglutination

Enzymatically based
A. Chromogenic (color-generating) substrates
B. ATP photometry
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After the final list shown in Table 3 was assembled, an analysis
of the detection methods used for biological particle detection in the
literature references was made. A summary of the citations is shown in
Table 4.

TABLE 4. LITERATURE CITATIONS OF DETECTION TECHNIQUES

Assay Technique No. of Citations

1. Primary methods
Visible light absorption 44
Fluorometry 40
UV l1light absorption 36
Light scattering 32
Autoradiography 8
Infrared light absorption
Raman spectroscopy
Ultrasonics absorption
Nephelometry
Polarimetry
Potentiometry
Conductimetry
Scintillation photometry
Light reflection
Thermoconductivity
Phosphorometry
Mossbauer spectroscopy

NSRS

ITI. Secondary methods

Electro-conductimetric particle counting
(Coulter method) 34

Flow-through optical particle counting 32

Light field microscopy 20

Pattern recognition computer 18

Photography

Fluorescence microscopy

Electron microscopy

Dark field and phase contrast microscopy

Manual particle counting (microscopic)

o
N 0000

III. Specific methods
Immunofluorescnece
Radioimmunoassay
Enzymatic reactions

[\ e
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Another very impcrtant aspect in evaluating all of the analytical
techniques was the method of interface with the separation system. We de-
fined the following three ways in which the detection methods would inter-
face.

(1) In situ detection

(2) Real-time eluate analysis (flow cell)

(3) Discrete sample analysis.

By in situ detection, we mean a method capable of detecting the bio-
logical agents within the separation device itself. For example, in the
electrophoretic separation of various types of red blood cells, an in situ
detection device would detect the various bands during the course of the
separation. This first category of techniques would be valuable for in-
flight evaluation of the separation system.,

The second category of detection systems would directly monitor
the eluate from a separation device by a photocell. For example, in a
continuous-flow electrophoresis system, flow cells could be mounted on the
output tubes to detect the concentration of the separated particles.

In the third type of interface of the detection system with the
separation device, discrete samples would be taken from the eluate and ana-
lyzed individually. This third type, of course, would represent the most
remote interface with the separation device.

The analytical techniques which were chosen for further detailed
study were evaluated according to the three above criteria. A number of the
techniques could interface in all three of the above mcdes while others were
limited to only one. In the evaluative data presented in a later section of

this report, the interfacing modes are discussed in greater detail.
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Interviews with Researchers
and Instrument Manufacturers

A further source of information on the most recent developments
in anaiytical instrumentation was interviews with individual researchers
and development groups of instrument manufacturers. A compilation of these
visits is shown in Table 5. In general, visits were made to discuss state-
of-the-art developments which were not yet fully described in the available
literature.

In the visit with Dr. Victor Hanson, use of an optical microscope
to visually detect red-cell migration in an electric field was discussed.
Dr. Hanson feels that this method should be applicable to a space electro-
phoresis experiment.

Several optical scanning systems for quantitation of proteins in
gel columns were discussed with Dr. Gary Ackers at the University of Virginia.

An interview was held with Dr. Grant Barlow of Abbott Laboratories
on the topic of electrophoretic separation of kidney cells. Dr. Barlow
explained that only 5 percent of the kidney cells in his culture system
produced urokinage and that he was investigating whether these cells could
be separated from the inactive cells by an electrophoretic separation process
in space. In this separation, the following requirements should be met.

(1) The cells must be viable and capable of further
culture.

(2) The cells must be recovered in good yield.

(3) Sterility must be maintained.

In a typical separation experiment, 107 cells will be placed in
the electrophoresis device. After separation, the entire contents of the elec-
trophoresis cell will be froien. Because the sample will be in a frozen state,
Dr. Barlow felt that detection of the cells would be extremely difficult.

" A visit was made in July to Dr. Milan Bier and his associate,

Mr. J.0.N. Hinckley, at the Veterans Administration Hospital in Tucson,

Arizona. Dr. Bier discussed his development of continuous-flow systems

e e ol
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TABLE 5. INTTRVIEWS WITH RESEARCHERS AND INSTRUMENT DEVELOPERS

Topics
(1) Victor Hamson Detection methods based on
Jpstate Medical Center optical microscopy
Syracuse, New York
(2) Gary Ackers Optical scanning systems for
University of Virginia proteins in gel columns
(3) Grant Barlow Electrophoretic separation of
Abbott Laboratories kidney cells
North Chicago, Illinois
(4) J.0.N. Hinckley Electrophoretic separation and
Milan Bier detection systems
University of Arizona
(5) C. J, van Oss Fluorescent microscopic detection
P. E. Bigazzi of lymphocytes
University of New York at Buffalo
(6) Allen Strickler Methods of detection for continuous-flow
Beckman Instruments electrophoresis
Anaheim, California
(7) M. J. Fulwyler Automated multiparameter cell detection
P. F. Mullaney and differentiation
J. A, Steinkamp
L. S. Cram
J. M. Crowell
G, C. Salzman
Los Alamos Scientific Laboratory
Los Alamos, New Mexico
(8) A.S.C.A.P. Exhibition Automated image analyzing systems
Various instrument developers
Gerhard Megla - Corning Instruments
Rod Hilton - Scientific Products
Melvin Miller -~ Geometric Data
+ 20 other mfg. reps.
(9) Pittsburgh Conference on Analytical instruments in general

Analytical Chemistry and
Applied Spectroscopy
~50 mfg. reps.
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applied to electrophoresis, isotachophoresis, and isocelectric focusing.

Dr. Bier also discussed methods of detection of biological agents as they
were eluted from his electrophoresis devices. For proteins, he uses a UV
flow cell which he feels has sufficient sensitirity for his purposes. For
detection of cells, Dr. Bier recommends a chromogenic substrate which is
mixed with the effluent strean and produces a color in the cells by virtue
of enzymatic activity. He also recommends turbidimetric methods of analysis.

In September a visit was made to Drs., C. J. van Oss and P. E.
Bigazzi at the State University of New York at Buffalo to discuss electro-
phoretic separation of lymphocytes. Dr. van Oss is currently separating B
and T lymphocytes on an electrophoresis device in which the cells migrate
upwards through a small column. as the cells reach the top of the columm,
they are aspirated and subsequently analyzed by incubation with fluoroscein
isothiocyanate-~conjugated rabbit antihuman immunoglobulin. Cells containing
immunoglobulins on the surfaces bind the fluoroscein conjugate and can be
detected in a UV microscope. Dr. van Oss pointed out that if enough cells
were used in the experiment, the separation zones were visible to the naked
eye.

We discussed with Dr. van Oss the possibility of incubating the
cells with the fluoroscein-conjugated antibody before the separation process
so that the separation could be followed in situ by fluorimetry. Dr. van Oss
felt that the fluotescent antibody may alter the electrophoretic mobility of
the B cells.

We also suggested labe%;ing with 51Cr and detecting the separated
bands with a gamma detector. Dr. van Oss was not familiar with chromium-
labelling techniques but felt they\might affect cell viability.

Mr. Allen Strickler of Beckman Instruments in Anaheim, California,
was interviewed to discuss detection systems for the electrophoresis equipment
being developed by Beckman. He was extremely helpful in this discussion and
suggested several ways that biological materials could be detected within the
electrophoresis cell. He pointed out that the electrophoresis cell developed

R
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by him possesses a window at & space just prior to the collection tubes.
This window allows any number of detection methods including photography,
UV absorption, visible absorption, and 17ght scattering. On the current
model of this device, a cross-section illuminator is provided. The optical
arrangement forms a thin blade of light which traverses the calibrated window.
Particles in this window scatter the light and can be detected visually or
by a photographic process. Subs=quent to our visit, several telephone con-
versations were held with Dr. Strickler. Beckman Instruments has a diverse
backgrourd in biomedical and process analysis instruments including Schlieren
optics, infrared, ultraviolet, and visible range spectrophotometry, radio-
activity counting, fluorimetry, and various integrated computer systems
applied to instrumentation.

One of the most productive visits in this program was held at
Los Alamos Scientific Laboratory in Los Alamos, New Mexico. Discussions
wece held with the persons identified in Table 5 on automated multiparameter
cell detection and differentiation. This group has developed a technique
for cell analysis (described in a later section of this report) which should
be extremely valuable to the NASA program. In this system, a suspension of
cells passes through a detection chamber which simultaneously employs several
methods of analysis. Cells pass through in such a way that each cell is ana-
lyzed individually. The methods of analysis include forward light scattering
and two wavelengths of fluorescence detection. Integration of these methods
enables information to be derived on the size, shape, and nuclear structure
of the cells. This group is now working on a number of cell analysis systems
including lymphocyte differentiation, analysis of cells from PAP smears, and
detection of virus-infected cells. The system can analyze cells rapidly up to
a rate of 105 cells per minute. Members of this group were interested in the
objectives of the NASA program and enthusiastically indicated their willingness

to apply their techniques to analysis of eluates from electrophoresis devices.
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In addition to the laboratory visits, members of the project
team attended two instrument shows being held in conjunction with scien-
tific meetings. The first of these was the A.S.C.A.P. meeting in
Washington, D.C., on October 8, 1974. Dr. Gerhard Megla of Corning
Scientific Instruments discussed the possible application of their
Leukocyte Automatic Recognition Computer (LARC) to the analysis of cell
separation, especially B and T lymphocytes. The LARC consists of five
small modules and auvtomatically prepares the slides, applies stain,
focuses the microscope, rapidly scans, locates, records, and classifies
six types of white blood cells. The computer memory identifies cells by
their morphological qualities such as nuclear size, shape, cytoplasm size,
and color. The machine can be programmed to identify and classify any type
of cell combination.

A similar machine was also demonstrated by Dr. Melvin Miller of
Geometric Data Corporation. Dr. Miller is presently involved in trying to
identify morphologic differences in lymphocytes. Based on data gathered so
far, Dr. Miller felt there may be six to eight lymphocyte subcategories
identifiable by image analysis.

The second meeting attended was the Pittsburgh Conference on Ana-
lytical Chemistry and Applied Spectroscopy. At this meeting, analytical
instruments in general were reviewed and approximately 50 manufacturers'

representatives were interviewed.

Selection of Manufacturers

The next successive step in our conduct of this research program

was the selection of manufacturers to be contacted for information conceraing

their respective detection devices. In selecting ttese manufacturers, an

attempt was made to obtain representatives from each of the detection methods

outlined in Table 3. Several sources were used to obtain manufacturers'

names, addresses, and range of products. The first of these sources was

ket
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buyer guide directories and of these, the following three were the most
helpful.
(1) Guide to Scientific Instruments (Science)

(2) Medical Electronics and Equipment News
Dictionary and Buyeis' Guide

(3) Instrument and Control Systems Buyers' Guide.

In addition to buyers' guides, advertisements of - ‘vments in
journals reviewed for the program provided a source for sel- 1 of manu-~
facturers.

Several suggestions of manufacturers were obtained from scientific
colleagues in our laboratories. We also obtained information on manufacturers
from articles in trade journals relating to new analytical techniques. A
final source of manufacturers was the literature search. In several of the
articles, specific instruments used in analysis of biological agents were
described.

After a list of appropriate manufacturers was compiled, a letter
was written to each of these manufacturers requesting specific p.ooduct
information on instruments of interest to thils program. Im this aopect of
the program, we contacted 148 manufacturers and received technical specifi—
cations on 271 instruments. When the product information was receivea, it
was carefully evaluated as described i1 a succeeding section and filed for
future reference.

In the selection of manufacturers and instruments for this survey,
it was imporsible to review all the instruments available in any one category.
We have made a serious attempt to identify instruments which are representa-
tive of each particular category and to be as objective in our selection as
possible., Omissions of certain Instruments and wmanufacturers from our study

does not imply that the instruments are not suitable or unacceptable.
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User Survey

One of the important tasks on this cesearch program wa to estab-
lish the reliability, serviceability, and usability of the various analytical
instruments. As a source of information for this assessment, users of each
of the instruments identified by us were contacted and asked to provide
information. The following steps were taken in organizing and implementing
the user g -rvey.

(1) The specifications from the nroduct !iterature
from each of the instruments obtained frcm the
various manufacturers were reviewed. From this
raview, instrumeats of potential value to this
program were selected.

(2) Manufacturers of each of the selected instruments
were then contacted and asked t» provide us with
the names and addresses of users of the instruments.

(3) A letter was then written to each of the users
requesting that they fill out a short information
form relating to tl.e use, reliability, accuracy,
and complexity of operatiorn of each particular
instrument.*

(4) VMany of the users were contacted either personally
or by phone to request their participation in the
project.

(5¢ Recults of the user survey were analyzed by a
systenm describec in the next section.

In the course of this user survey, we requested user iists from 148
manufacturers and received 100. Very often, these lists were obtained
through locai manufacturers' representatives. From the user lists, contact
was initiated with 516 individuals. At the time of writing this report,
343 users have completed aud returned the forms to us. In general, response
to our questionnaire was somewhat spasrmodic and receipt of a completed
questionnaire often required phione calls and reminder letters. Because of
this rather poor razsponse, we do not have responses from three urers of each
of the 271 instruments evaluated in this survey. However, most of the instru-

ments have responses from at least two users.

*A copy of the user survey form is included in Appendix A of this report.

[OR ORI
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Analysis of Instruments

As a culmination of all the information-gathering work performed
on this program, a comprehensive analysis was made of each of the analytical
instruments. The technical data obtained from the manufacturers' literature
and the results of the user survey were used in this evaluative process.
Because of the very large amount of data which were obtained from these
sourc 3, a system for data abstraction and compilation was devised. For
each instrument included in the analysis, a commercial equipment worksheet
was filled out.* This equipment wcrksheet contained information on the power
requirements, readout, size, sensitivity, accuracy, resolution, rample state,
and available accessories for each instrument. It also contained any other

miscellaneous information deemed relevant.

Point-Rating System

Becwuse of the numerous criteria used in evaluation of each instru-~
ment, it was necessary to devise a rumerical rating system as an evaluative
tool. Such a system must, of necessity, be empirical and care must be taken
so that the relative values given to each of the parameters are balanced.
Development of this system required considerable deliberation and it must be
understood that the numbers assigned should be regarded as evaluative tools
and not as absolute values. The numerical rating system covers both physical
factors and performance factors. Four basic physical factors considered were
cost, power, volume, and weight. Point factors were then empirically derived
8o that average specifications resulted in approximately 10 points each. In
order to nornalize each of these factors and avoid having one factor outweigh
another, inverse factors were used. For example, decreased weight would
result in a higher point rating. It was found necessary to take values to
the fourth root to eliminate a wide and unrealistic point spread. Table 6

describes these equations.

* A copy of this wurksheet is included in Appendix A.

—— e



"y s e

[

(LT RS

TR fame Fu el g

Lege

W o

S e dhes sem coe veEs A DM ME GUEY SEE SSAD QNS SHEY TEND M SUND 0 DEAN SUES

Ny

TABLE 6. POINT-RATING SYSTEM FOR PHYSICAL FACTORS

~
(@]
L}

Cost factor = cost in U.S. dollars)

106"
ﬁg C
.6._49___
w
Power factor = (W
6
a m

Volume factor =

Weight factor = V ke (kg

watts)

cubic meters)

~
=}
1

weight in kilcgrams)

The numerical ratings for the performance factors were obtained
from the user survey. The response to objective multiple~choice questions
in the user survey form permitted numerical evaluation of the comparative
reliability of commercial instruments and their complexity of operation.
Assignments of points were chosen according to the user survey protocol shown
in Appendix A. Average ratings were arranged to yield about 10 points in
each category. The ratings of the three questions under reliability were taken
as a total. To reasonably account for time of instrument ownership, _
a time-in-use factor is used in computing total points. This factor is com-
puted as the eighth root of the number of years the equipment has been in
use.

Table 7 describes the point computations for reliability and com-
plexity.

TABLE 7. POINT-RATING SYSTEM
FOR PERFORMANCE FACTORS

Reliability factor = '@ t x points assessed for reliability

Complexity factor ='® t x points assessed for complexity

t = time of use in years.

R
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Rating of Instruments

One of the requested tasks in this research program was the rating
of the various instruments according to their performance and physical fac-
tors. Because of the large number of factrrs involved, a rating of this
kind has certain inherent problems due to the difficulty of ascribing appro-
priate values to each of these factors. For example, if weight requirements
are extremely critical for a given application, then the weight factor of a
given instrument becomes highly important. The many factors of the instru-
nent are related to the particular needs of the biological materials being
assayed. Thus, a direct comparison between a technique which is capable of
accurately measuring protein to a technique which can accuratel; measure sus-
pended lymphocytes is not particularly meaningful. Several factors of the
instrument such as sample size, temperature, flow-cell capability, asbility to
be rack mounted, the form of the output signal are not amenable to a compar-
ative rating system. For these reasons, we have devised a rating system
based on six factors (cost, power, volume, weight, complexity of use, and
reliability). In compiling this rating, the data for each instrument were
summarized on a commercial hardware description sheet. This sheet contains
information on the assay principle, the vendor, the si= rating factors, and
the names and addresses of the users of the instruments who have been contacted.
Data from each of these sheets are summarized in Table 8. Instruments in this
table are listed in descending order according to total points. Please note
that each instrument has a code number in this table which has been included
for cross referencing.

In addition to this table, a rather extensive format was designed to
assemble the performance data of each of th2 instruments. These data are com—
plled in Table 9. This table contains items such as sensitivity, resolution or
bandwidth, accuracy, sample size, concentration, sample temperature, flow-cell
capability, operating temperature, rack mount availability, wavelength, and

other miscellazneous information where it is applicable.
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TABLE 8. DPHYSICAL AND PERFORMANCE DATA COMTARTION

A VWeighted-Factors’* Table
(Presented in descending order according to totai pointc)

Inst. Cost, Power, Volume, Weight, Total
Code No. $ watts n3 kg Complexity Reliability Points
15 292 - 0.0002 0.3 24.8 23,2 212.7
62 495 - 0.0005 0.3 22.5 ) 20.1 194.5
173 198 - 0.001 0.3 i0.0 10.0 17¢.9
19 495 - 0.0007 0.5 15.1 8.1 167.0
169 203 - 0.001 0.5 10.0 10.0 165.9
87 2,730 - 0.004 2.6 16.9 21.8 149.9
190 100 3 0.001 0.9 10.0 10.0 146.5
199 2,167 - 0.603 1.5 19.0 10.0 137.3
160 355 6 0.001 1.4 2.0 10.0 129.9
93 730 15 0.004 3.9 22.4 22.4 129.5
46 220 10 0.005 2.3 17.¢ 15.1 129.5
13 750 74 ¢.001 1.5 7.9 17.3 128.7
81 695 5 0.007 2.1 23.0 18.5 128.0
229 150 19 0.902 1.8 10.0 10.0 125.4
100 895 15 £.008 3.5 23.1 20.8 124.3
97 1,860 120-70 0©.003 1.6 21,6 20.6 121.8
45 1,388 3 0.031 6.8 19.8 17.9 117.4
92 830 6 0.012 4.5 17.2 17.2 117.3
101 325 380 €.008 7.3 24,2 21.8 117.0
258 1,650 56 0.¢91 C.7 10.0C 10.0 116.8
95 430 12 0.012 6.1 2..7 14.4 116.8
48 525 10 0.009 4.5 5.9 17.1 116.5

7 1,555 10 0.C13 5.0 22.4 17.7 116.1

*See point system description.
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" TARIE R, (continned)

A Weighted-Factors* Table
(Presented in descending order according to total points)

Inst. Cost, Power, Volume, Weight, Total
Code No. $ watts m kg Complexity Reliability Points

2 2,400 4 0,007 8.2 15.2 19.2 115.«
37 350 35 0.009 6.4 20.2 17.1 115.2
111 2,439 14 0.009 5.7 20.4 20.3 114.5
71 2,359 17 0.008 6.4 22.4 18.5 113.9
61 2,400 4 0.007 8.2 17.1 15.8 113.9
238 1,320 8 0.015 5.8 16.7 20.1 113.6
30 1,995 15 0.007 3.9 18.9 17.0 113.2
133 2,375 120-70 0.008. 3.9 20.5 24.6 112.9
1 800 990 0.008 4,1 24.0 21.6 112.7
192 359 12 0.005 2.0 10.0 10.0 112.3
131 650 10 0.013 9.1 19.5 14.7 111.6
33 795 50 0.012 3.6 19.9 17.9 111.5
231 275 14 0.006 2.3 10.0 10.0 111.1
197 1,053 2 0.012 4,5 10.0 10.0 109.9
120 2,450 20 0.015 1.9 l6.1 17.9 109.8
50 935 60 0.009 4.5 15.5 21.6 109.7
22 757 30 0.003 5.4 13.3 19.0 109.5
91 2,390 17 0.014 5.7 15.1 22.9 108.8
114 1,850 65 0.018 13.5 25.9 21.2 108.4
96 5,500 24 0.015 5.4 21.4 20.5 108.4
112 1,726 12 0.009 4.8 17.7 13.7 108.2
77 1,375 70 0.004 9.1 15.4 20.9 107.6
230 450 27 0.004 2.3 10.0 10.0 107.4

*See point system description.
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TABLE 8. (continued)

: A Weighted-Factors* Table
(Presented in descending order according to total points)

;
Inst. Cost, Power, Volume, Weight, Total
Code No. $ watts m3 kg Complexity Reliability Points

:
3
3

p 170 770 10 0.006 2.4 10.0 10.0 107.2

127 2,875 40 0.014 6.3 21.8 19.6 107.2

136 1,095 8 0.006 2.7 10.0 10.0 106.1
: 167 398 11 0.013 2.5 10.0 10.0 106.0

¥

246 595 50 0.019 4.1 15.8 17.6 105.9

’ 42 1,695 15 0.008 4.5 12,2 17.1 105.9
' 118 1,395 20 0.009 6.8 16.7 13.8 103.¢
165 1,395 3 0.015 6.1 16.0 10.0 103.0
. 117 995 40 0.006 4.8 10.3 15.3 101.2
149 1,475 9 0.009 3.6 10.0 10.0 100.5
198 714 15 0.011 3.6 10.0 10.0 99.9
208 2,495 9-6 0.007 4.1 10.0 10.0 99.0
175 675 25 0.009 3.6 10.0 10.0 98.8

128 1,790 30 0.022 8.2 18.0 15.0 98.8

e aahain fr'f
' 268 2,680 4 0.008 5.4 10.0 10.0 102.1

54 539 15 0.011 6.5 10.0 10.0 98.4

78 975 65 0.019 8.2 15.1 17.4 98.4
213 416 12 0.014 9.1 10.0 10.0 98.3

40 1,545 990 0.025 6.8 22.3 18.8 97.9

"

B

137 1,250 40 0.019% 5.5 13.3 16.1 97.9

99 2,685 50 0.024 12,2 19.6 17.7 97.5

»  IAERNY

57 834 50 0.007 2.8 10.0 10.0 97.5

189 1,500 20 0.008 3.6 10.0 10.¢ 96.8

*See point system description.
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-~  TABLE 8. (continued)

A Welghted-Factors* Table
(Presented in descending order according to total points)

—— e et

Inst. Cost, Power, Volume, Weight, Total
Code No. $ watts m3 kg Complexity Reliability Points
124 2,695 60 0.018 13,2 18.4 16.6 95.4
108 3,936 52 0.011 10.7 18.7 . 14.0 95.3
241 1,385 10 0.015 6.0 10.0 10.0 95.2
126 1,495 20 0;022 10.4 13.4 14.2 94.9
115 1,795 115 0.027 11.3 16.4 19.6 \94.8
74 2,750 50 0.016 9.1 16.4 14.8 94.2
12 5,600 100 0.024 12.7 20.4 18.3 93.9
132 4,095 100 0.020 14.9 20.3 16.7 93.4
129 2,495 28 0.037 21.8 16.8 17.3 93.2
266 3,500 100 0.021 18.1 18.3 12.0 93.2
14 595 30 0.014 6.9 10.0 10.0 93.2
200 1,830 20 0.012 4.3 10.0 10.0 93.1
24 4,995 150 0.046 20,4 23.7 19.0 J93.1
75 2,450 25 0.027 5.0 14.0 12.0 92.9
257 2,225 120-70 0.006 2.3 10,0 10.0 92.6
171 450 28 0.033 5.9 10.0 10.0 92.4

5 2,250 40 0.056 15.0 16.6 17.8 92.3
64 550 35 0.015 7.7 10.0 10.¢ 92.1
20 2,375 100 0.044 13.6 19.6 16.8 92.0

182 1,344 50 0.006 6.8 10.0 10.0 91.6
113 640 100 0.010 5.0 10.0 10.0 . 91,5
157 1,495 55-24 0.017 4,2 10.0 10.0 91.4
63 675 35 0.015 7.7 10.0 10,0 91.1

*See point system description.
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TARLE R, (continned)

A Welghted-Factors* Table
(Presented in descending order according to total pointg)

Inst. Cost, Power, Volume, Weight, Total
Code No. $ watts m3 kg Complexity Reliability Points
224 419 50-30 0.016 10.0 10.0 10.0 90.9
122 5,490 24 0.029 10.4 11.3 18.6 90.8
80 2,400 70 0.030 15.0 19.6 13.3 90.6
58 3,960 50 0.019 15.0 17.6 13.9 9C.5
35 2,695 75 0.031 8.2 13.5 17.3 90.3
236 3,050 25 0.009 5.7 10.0 10.0 90.2
245 6,600 12 0.010 6.8 10.0 10.0 90.2
164 2,359 17 0.013. 7.3 10.0 10.0 90.1
39 6,075 290 0.113 61.2 26.7 21.3 90.0
259 1,595 15 0.028 6.0 10.0 10.0 90.0
109 1,500 173 0.034 13.6 15.8 17.4 89.9
144 1,255 40 0.018 4.4 10.0 10.0 89.8
3 3,530 80 0.025 13.0 16.0 16.3 89.6
16 5,580 20 0.027 14.7 14.7 14,2 89.5
221 950 75 0.012 5.7 10.0 10.0 89.1
10 6,755 50-30 0.116  29.4 20.9 18.8 88.9
201 985 30 0.017 9.1 10.0 10.0 88.8
260 1,795 30 0.018 5.& 10.0 : 10.0 88.6
68 6,000 30 0.060 19.0 16.7 16.8 88.5
223 675 50-30 0.016 10.0 10.0 10.0 88.4
261 1,073 100 0.009 6.5 10.0 10.0 88.4
53 4,691 50-30 0.063 9.1 15.8 16.1 88.3
212 2,120 60 0.010 5.0 10.0 10.0 88.2

*See point system description.
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TABLE 8. (continued)

A Weighted-Factors* Table
(Presented in descending order according to total points)

e

e s o sm———— = b fra %

Inst. Cost, Power, Vo.ume, Weight, Total
Code No. $ watts m kg Complexity Reliability Points
180 995 60 0.013 6.5 10.0 10.0 88.0
151 1,550 50 0.010 8.2 10.0 10.0 87.6
227 1,360 200 0.020 .2.3 10.0 10.0 87.4
181 1,395 60 0.013 6.5 10.0 10.0 87.4
191 135 50-30 0.025 8.2 10.0 10.0 87.0
106 1,290 48 0.018 6.8 10.0 10.0 86.9
76 7,100 100 0.075 18.1 18.1 18.6 86.2
55 2,600 175 ¢.053 15.9 17.6 15.9 86.0
193 1,375 100  0.012 6.8 10.0 10.0 85.7
184 1,460 50 0.015 9.3 10.0 10.0 85.5
254 5,500 35 0.014 5.4 10.0 10.0 85.1
41 2,950 300-250 0.055 22.2 18.7 16.8 84.8
70 5,978 100 0.091 18.1° 20.0 15.1 84.5
143 1,920 50 0.015 8.2 10.0 10.0 84.4
119 2,800 120 0.041  27.2 14.8 16.7 83.7
177 5,145 96 0.044 31.8 12,7 20.6 83.6
153 1,435 65 0.018 10.0 10.0 10.0 83.6
159 1,385 32 0.042 12.2 10.2 10.0 82.4
263 1,670 55 0.025 10.8 10.0 10.¢C 81.9
84 6,875 100 0.094 22.7 19.5 14.2 81.8
94 5,874 230 0.066 20.0 20.0 13.5 81.2
222 4,785 300 0.088 31.8 18.6 17.3 81.1
146 4,000 15 0.040 18.1 10.0 10.0 80.8

*See point system description.
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TABLE 8. (continued)

A Weighted-~Factors* Table
(Presented in descending order according to total points)

Inst. Cost, Power, Volume, Weight, Total
Code No. $ watts m3 kg Complexity —Reliability Points
148 3,760 150 0.107 39.5 14.7 19,2 80.6
98 6,450 300-250 0.088 31.8 20.6 ) 15.6 80.6
36 8,627 500 0.186 80.0 20.3 22.3 80.6
163 795 300  0.019 13.6 10.0 10.0 80.2
220 2,950 24 0.033 20.4 10.0 10.0 79.9
56 9,570 10 0.197 77.0 11.2 16.8 79.7
17 4,500 173 0.053 15.9 15.1 13.8 79.6
147 3,870 180 0.031 94.3 17.0 15.2 79.6
8 6,450 200 0.190 27.2 12.7 18.4 79.6
73 11,700 200 0.101 38.1 17.5 19.1 79.5
85 3,980 575 1.178 49.0 22.8 18.7 79.4
172 1,990 60 0.021 21 8 10.0 10.0 79.1
154 5,800 400 0.109 81.6 19.0 19.3 '79.0
196 1,971 50 0.036 15.9 10.0 10.0 78.8
161 1,155 90 0.038 15.9 10.0 10.0 78.7
11 2,770 150 0.042 21.8 12.9 13.3 78.4
72 5,245 150 0.107 42.2 16.2 16.1 77.8
237 4,120 40 0.039 13.3 10.0 ) 10.0 77.5
23 3,200 140-100 0,022 10.0 10.0 10.0 77.4
102 4,250 100 0.079 27.7 11.2 16.8 77.4
253 1,995 100 0.032 13.¢€ 10.0 10.0 77.4
178 3,290 48 0.030 23.4 10.0 10.0 76.4
166 5,950 40-30 0.043 13.2 10.0 10.0 76,2

*See point system description.
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TARLE 8. (continued)
A Weighted-Factors* Table
(Presented in descending order according to total points)

Inst. Cost, Power, Volume, Weight, Total
Code No. $ watts m3 kg Complexity  Reliability Points
271 3,000 50 0.039 20.4 10.0 10.0 76.1
202 1,735 150 0.029 17.7 10.0 10.0 76.0
162 2,195 100 0.034 .17 2 10.0 10.0 75.9
67 6,580 345 0.249 40.8 18.9 15.4 75.1
267 3,120 110 ¢.039 13.6 10.0 10.0 74.9
232 3,750 85 0.030 20.4 10.0 10.0 74.5
255 3,995 100 0.039 13.6 10.0 10.0 74.3
82 6,000 360 0.117- 56.7 14.5 17.4 73.7
205 2,600 173 0.037 19.7 10.0 10.0 72.9
176 6,405 75 0.041 16.8 10.0 10.0 72.8
103 17,000 150 0.389 144.0 18.4 18.0 72.8
43 13,900 165 0.078 37.6 13.0 15.7 72.6
188 5,400 50 0.0€3 23.2 10.0 10.0 72.4
168 2,790 100 0.051 25.4 10.0 10.0 72.4
264 2,995 100 0.142 11.3 10.0 10.0 72.3
130 13,500 520 0.706 270.0 22.8 17.9 72.3
242 6,800 100 0.047 13.6 10.0 10.0 72.1
8¢ 16,826 600 0.150 68.0 20.0 15.1 72.0
123 13,045 351 0.118 95.7 21.0 12,6 71.9
243 8,490 115 0.036 16.0 10.0 10.0 71,4
185 2,990 140 0.054 22.0 10.0 10.0 71.3
270 7,500 140 0.034 15.9 10.0 10.0 71.3
66 20,790 110 0.290 39.5 14.8 14.7 70.4

*See point system description.
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TABLE 8. (continued)

A Weighted-Factors* Table
(Presented in descending order according to total points)

-t

|
1
|
5 ' Inst. Cost, Power, Volume, Weight, Total
i Code No. $ watts m kg Complexity Reliability Points
3 l 104 9,400 240 0.285 272.2 17.6 16.7 70.3
2' l " 225 4,500 80 0.069  28.0 10.0 10.0 70.3
34 12,100 575 0.763  351.5 20.1 18.9 70.0
f l 107 2,490 130 0.078  34.9 10.0 10.0 69.7
l 138 6,495 378 0.127  72.6 14.4 14.8 69.7
83 5,775 1150 0.116  61.7 14.4 15.4 69.2
: l 141 8,000 200 0.040  18.1 10.0 10.0 69.1
l 59 2,995 75 0.095  58.0 10.0 10.0 68.8
L 186 3,350 140 0.092  34.0 10.0 10.0 68.0
‘ l 139 5,225 250 0.044  29.5 10.0 10.0 67.8
3 l 50 8,000 230 0.040  22.7 10.0 10.0 67.7
240 10,960 230 0.219  39.9 15.8 11.0 67.7
' 4 9,900 360 0.471 113.4 11.2 20.8 67.6
l 248 5,400 100 0.C33  38.0 10.0 10.0 67.3
I 209 4,800 500 0.045  22.7 10.0 10.0 67.1
% 49 11,325 100 0.035  60.8 10.0 10.0 66.9
I 110 17,250 575 0.403 136.1 16.0 17.7 66.9
« l 125 20,500 500 1.444  90.7 17.6 17.1 66.6
§ 194 3,990 340 0.066  34.5 10.0 10.0 66.1
: i 90 8,50C 85 0.13¢  27.7 10.0 10.0 66.0
l 207 7,500 200 0.075  27.2 10.0 10.0 65.9
252 8,795 100 0.107  4C.0 10.0 10.0 65.3
: l 44 13,500 650 0.757 136.1 15.9 16.9 65.2
|
1

*See point system description.
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TABLE 8. (continued)

A Weighted-Factors* Table
(Presented in descending order according to te*-l points)

[

Inst. Cost, Power, Volume, Weight, Total
Code No. $ watts m3 kg Complexity Reliability Points
150 6,345 200 0.096 34.0 10.0 10.0 65.0
214 5,300 300 0.088 31.8 10.0 . 10.0 64.9
219 9,910 127 0.089 .43.1 10.% 10.0 64.6
21 20,895 800 0.470 200.0 17.1 15.3 63.4
179 5,995 100 0.092 152.0 10.0 10.0 63.4
31 5 832 200 0.187 37.0 10.0 10.0 63.3
158 6,250 218 0.083 68.5 10.0 10.0 63.2
116 16,000 550 0.133 72.6 12.0 13.7 63.1
32 7,111 200 0.149 43.1 10.0 10.0 62.9
247 58,920 34 0.636 204.1 9.7 15.5 62.3
69 13,560 230 0.315 81.6 10.5 14.6 62.6
79 4 29,990 1265 1.125  249.5 i8.3 16.5 62.4
51 9,950 500 0.283 13.6 10.0 10.0 62.3
142 7,950 350 0.094 45.4 10.0 10.0 62.2
226 10,500 500-350 0.078 33.0 10.0 10.0 62.1
204 4,400 403 0.144 54.0 10.0 10.9 62.0
195 2,950 1150 0.103 61.7 10.0 10.0 61.8
18 56,500 3510 1.878  499.0 22,7 15.9 61.7
152 5,795 625 0.108 42.6 10.0 10.0 61.7
251 6,710 200 0.145 69.8 10.0 10.0 61.7
262 9,940 350 0.095 50.0 10.0 10.0 61.3
239 10,379 750-500 0.063 43.5 10.0 10.¢C 61.2
215 6,990 350 0.089 81.6 10.0 10.0 61.1

*See point system description.
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TABLE 8. (continued)
A Weighted-Factors* Table

P —

(Presented in descending order accnrding to total points)

Inst. Cost, Power, Volume, Weight, Total
Cod~ No. $ watts m kg Complexity Reliability Points
210 7,385 351 0.089 77.1 10.0 10.0 6l.1
206 6,300 403 0.117 67.1 10.0 10.0 60.9
183 8,480 250 0.140 62.0 10.0 10.9 60.9
6 47,500 1500 1.160 281.6 18.2 1€.5 60.8
28 49,500 175 2.240 204.1 14.9 15.1 60.5
29 16,000 66 0.078 36.3 10.0 0.0 60.4
105 7,000 175 0.180 112.0 10.0 10.0 60.3
265 4,900 345  0.142 113.4  10.0 10.0 60.3
156 4,750 345 0.142 113.4 10.0 10.0 60.3
135 13,400 100 0.280 79.0 10.0 10.0 6G.2
187 6,740 297 0.142 90.7 10.0 10.0 60.1
25 9,470 600 0.120 40.8 7.4 il.9 59.6
155 6,975 400 0.117 104.3 10.0 10.0 59.4
134 13,200 100 0.484 93.0 10.0 10.0 58.8
65 27,800 330 0.537 113.0 11,5 13,9 58.7

9 33,900 2300 0.649 167.8 20.2 10.6 58.7
249 12,500 500 0.151 85.0 10.0 1¢.0 57.3
89 - 650-617 0.268  68.1  10.0 10.0 56.6
244 12,000 500 0.288 79.4 10.0 10.0 56.1
228 20,000 200 0.469 160.0 10.0 10.0 54.7
216 10,000 300 0.454 26,8 10.0 10.0 54.6
47 99,500 2300 1.790 226.8 15.6 14,2 54.1
203 25,950 590 0.262 136.1 10.0 10.0 53.3

*See point system description.
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TABLE 8. (continued)

A Weighted-Factors* Table
(Presented in descending order according to total points)

Inst. Cost, Power, Volume, Weight, Total
Code No. $ watts m3 kg  Complexity P.liability Points

256 20,500 495 0.403 130.6 10.0 10.0 53.2
250 17,000 -500 0.456 158.8 10.0 10.0 32.8
211 8,800 520 0.693 570.0 10.0 10.5 52.7
52 16,925 209 0.713  409.0 10.0 10.0 52.6

26 24,170 2325 0.240 100.8 7.4 11.9 51.2
145 40,000 800 0.343 147.4 10.0 10.0 51.0
174 35,000 1000 0.750 99.8 10.0 10.0 50.3
235 54,735 750 0.556 122.0 10.0 10.0 5C.0
121 57,000 3000 0.819 226.8 12.9 10.4 49.2
27 29,825 2975 0.330 138.3 7.4 11.9 48.9

86 70,000 1970 0.535 194.4 8.0 13.2 48.3
234 74,070 1300 0.725 202.0 10.0 10.0 47.3
217 20,000 2500-1000 1.319  344.7 10.0 10.0 46.6
218 30,000 3000-1200 1.555 450.0 10.0 10.0 44.9
233 120,950 2550 0.919 390.3 10.0 10.0 44.3
269 45,000 5500 0.885 553.4 10.0 10.0 43.8
140 59,000 2300 2.416 635.0 10.0 10.0 42.0
38 75,000 2000 6.118 544.3 10.0 10.0 42.0

*See point system description.
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Glossary of Abbreviations

ampere; also absorbance units, logarithm to the base 10 of the
reciprocal of the transmittance. A = log10 (1/T1).

relative film exposure index (photography).
adenosine triphosphate.
curie(s).

concentration units: in absorption spectrometry, usually expressed
in grams per liter.

exposures (in photography).

Formazin Turbidity Unit; refers to method of standard preparation;
units interchangeable with JTU.

Jackson Turbidity Units.
optical density units.

red blood cells; erythrocytes.
refractive index.

transmittance (of light); expressed in percent. The ratio of the
radiant power transmitted by a sample to the radiant power incident
on the sample.

tetrafluorethylene.
white blood cells; leukocytes.
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Another important factor in evaluating the instruments is the data

display. This is summarized for each instrument in Table 10. In this table,

the instruments are listed by the code number and the table indicates read-
out methods which are built in and output signals which are generated by the

equipment for purposes of information retrieval.

Thus, all of the factors relating to size, power requirements, per-

formance, sensitivity, and output have been summarized in this section of
the report. An additional requirement of our research program was to cate-
srlze the classes of biological compounds which could be detected. This
primarily is a function of the physical principles underlying the detection
method. The next section of this report contains a discussion and descrip-
tion of the principles of detection. In this section, the ability of each

method to detect various biological candidate materials is summarized.

PRINCIPLES OF ANALYTICAL TECHNIQUES

Photometric Methods

By far the largest number of instrumental techniques for analysis
described in this report are based upon photometric techniques. This is
because of the great versatility, reliability, and rapidity of photometric-
ally based methods. Photometric methods can be divided into the areas of
adsorptive, refractive, and emissive techniques. These will be discussed

below.

Adsorptive Methods

A ray of light coming in contact with a molecular species can
interact with that species in such a way that the radiant energy is adsorbed
by the species. Depending upon the frequency of the light, the absorption

Ty T WY

Py
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54
DATA D1SPLAY METHODS

Instrument

Code No.

|

1t

Recorder

Meter

Reador

Digita

CRT

Qutput Signal

PrinteY

Impedance
Match,
ohms

Recorder BCD

1
2

10
11
12
13
14
"15
16
17
18
19
20
21
22

23

>

#cale

5/60 mV

0-100 oV

10/100 mv

300 wA 500, 100 K

0-10V 10 K X

0-0.5 V

1 meg

0-10 mV
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TABLE 10. (continued)
..E Rea%out —t Output Signal
v = o Y Impedance
Instrument § % :':O : 'E Match,
Ccde No. 0 = QR o A Recorder ohms BCD
24 X
25 X X
26 X X
27 x | x | x
28 X
29 mag |+ 10V
30 4 V pulse 300
31
32 X
33 X
34 X
35 X 100 mV
36 X v 7K
37 X
38 X X
39 X
40 X 50/50C mV
41 X
42 X 0-10 mV
43 X
44 X
45
46 X 0-1 ma, 0-1 V

PPETIRSN

R A
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TABLE 10. (continued)

"_§ Rea%out L Output Signal
H Iy et o Impedance
Instrument o 4 ¥ o | & ky Match,
Code No. & 2 a 8 A Recorder ohms BCD
47 X| X X
48 X. 0-10 V
49 X X
50 X +5V
51 X
52 X opt.
53
54 X
55 X
56 X X
57 X 10/100 mV, 1 V  24/231, 1.6 K
58 10 mV
59
60 0-10 mV 10 meg
61
62 lscale)
63 X
64 X
65 X X
66
67 x| x| x X
68 0-1vV
69 X 5/10 mv, 8-24 V

PE———)
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TABLE 10. (continued)

-§ Rea%out T Output Signal
M H ! o Impedance
o) o ! =
Instrument Q o &0 = e Match
Q (] o o - ’
Code No. o = a O A Recorder ohms BCD
70 X
71 X 0-10 mV 25K
72 X X
73 X X X
74 X
75 opt. 10V
76 opt. 5/10 mv, 8-24 V
77 100/200/300
500/1000 mV
78 X 10 mV, 1V
79 X
80 X 0-100 mV X
81 X 100 mV
82 X 100 mV
83 X X
84 X
85 X
86 X X X
87
88 X X X X
89 X X X
90 X
91 X 10 mV
92 X 1000 mV

i

%
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TABLE 10. (continued)
-'fé Rea%omt 1 OQutput Signal
I ) o o Impedance
Instrument ] 3 T o] & Match,
Code No. & & P & a Recorder ohms BCD
93 X
9 X X
95 X 0-1 vV
96 X 0-10 V 10 K
97
98 X X n
99 X 10/100 mV 10 K
100 X
101 X
102 X X
103 X
104 X X
105 10/100 mv, 4 V X
106 X 10/100 mv, 4 V X
107 X 10/100 mv, 4V
108 X 10/100 mv, 1 V 4/24/231
109 X
110 X X
111 0-10 mV 25 K
112 0-10 mV <25 K
113
114 100 mv
115 X 1mA, 1V
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TABLE 10. (continued)

( 3 feadoyt . Output_Signal
. l B 3 ot ‘é Impedance
Instrument o o % E o Match,
Code No. o = e o (-9 Recorder ohms BCD
l 116 X X
1 l 117 X
118 1/10 ov
l ' 119 X opt.|500 mv
4 l 120 X 100 mv
: 121 X X
4 |
% 122 X 100 mv 1K
5 l 123 X X {0.1 A, 100 mv
124 X
| 123 .
£
4 I 126 X
] 127 X -1V
! l 128 X
g l 129 X
¢ 130 X
: I 131 X 1 mA, 10 oV
I 132 x | x
l 133
H 134
g: 1
| 135
I 136 X 0-100 oV X
‘, 137 X X
' 138 X X |50 mv X
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TABLE 10. (continued)

-—§ Rea%mt b= Qutput Signal
v M & o Impedance
Instrument S 3 L) ] 4 Match,
Cod2z No. 2 2 a 8 & Recorder ohus BCD
139
* 140 X X X |20 mA
141
142 X lv X
143 X 1v
144 Lcale
145
146 10 oV
147 opt. S mV
148 X X
149 X X
150 X 100 + 10 oV
151 10/:11.03 mV,
152 X X X
153 100 mV
154 opt. X
155 X X
156 0-10 mV
157 X X
158 X 0-6 V X
159 ppt. 0-50 mV 3K
160 X
16l X 0-1vV

L



|
1 .
: l TABLE 10. (continued)
‘s “g Re"%o £ *‘5— Output Signal
: l i H ‘-' = Impedanct:
: Instrument § % 3) g -E Match,
: Code No. & = A o A Recorder ohms BCD
l 162 X 0-2 V
‘ 163 X 0-10C v
t 164 0-10 mV <25 K
| 1 165 beale
' l 166 0-100 mV
: l 167 X 0-1V
’T 168 X
é l 169 X
i l 170 X 10 mv
3 171 1 mA, 10V
1 .
; 173 X
& l 174 X | X | X X
l 175 X
: l 176 x | x 0+1V 1K X
5 177 X |00 mv, 10 V 100 X
: l 178 X
l 179 X X
; 180 10wV, 1 mA
1\ l 181 1 mA, 1/10 oV
! 182 X 10/100 mv, 1 V 4/24/231
183 X 10/15 mv, 1.5 V 5K
. 184 X 0-50 mV, 6 V 50
|
. |
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TABLE 1N. (continued)

fé Ren%ov. 2 Output Signal
5 o 2 8 Impedance
Instrument 3] o 0 o) ol Match,

Code No. & £ A & & Recorder ohms BCD
185 X X
186 X X
187 X X |50 mV
188 1 V per cm, X-Y 1K
189 X opt.
190 X
191 X X 0-1vV
192 X 1v 10
193 X 5/50 oV
194 X X 0-1vV
195 X X
196 X X
197 X X
198 X 0-10 V 250 K
199
200 X
261 X 0-10 Vv
202 0-1 mA, 0-10 mV
203 X
204 X |opt. 10/100 mV
205 X 0-100 mV
206 X |opt. 10/100 mV "
207 X 0-1V X -
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(continued)

PURDEY

Instrument
Code No.

Readot

re

-1

Recorder

Meter

Digita

CRT

Cutput Signal

PrinteY

Recoider

Impcdance
Match,
ohms

BCD

208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
222

224

226
227
228
229

230

opt.

opt.

250 mV

0-20 mA, 0-10 mV

100 mv, + 15V

1/10 mV
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TABLE 10. (continued)

-9 Readoyt S~ Qutput Signal
0 W 5 S Impedance
Instrument g: § :ﬂ &‘ -;? Match,
Code No. & = / o P Recorder ohms BCD
231 X
232 . 1 mA, 100 Vv  10G/1500
233 X X X
234 X X
235 X X
236 X |opt.
237 0-100 V
238 X 500 mV
239
240 100 mV 100 K
241 X
242 X 1/10 v
243 X
244 X
245 X
246 X
247 X
248 X 10mv, 1V
249 X 10mv, 1V
25C X 10 mv, 4V
251 X 10mv, 25V X
252 X
253 X X 12 v 25
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TABLE 10. (continued)

ST
y— —— ——a

_.fé Rgl%o 13 —— Output Signal
M = o o Impedance
Instrument ] b [ = = Match,
Code No. & = A 3 a Recorder ohms BCD
254 X 0-10 K
255 X opt. X
256 X |100 mV X
257
258
259 X
260 X
261 kcale
262 X 10 mv, 10V X
263 X
264 X
265 0-10 mV
266 X
267 X
268 X
269 X X
270 X opt.
271 X

e AR
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of the energy causes a change in the electronic, vibrational, o2nd rotational
energy levels of the molecule absorbing light. Light absorded in the visible
and ultraviolet regions causes a change in the electronic erergy levels;
absorption in the infrared region is a result of changes in vibrational aund
rotational energy levels. A close relation exists between the extent of
absorption and ithe concentration of the absorbing substance. The change of
the intensity of light with distance thrcugh an absorbing substance can be
written as follows.

aI
-— = -KC
dx I

where C is a concentration of the absorbing substance, I is the intensity of
the 1light at the distance x, and K is the constant characteristic of the sub-
stance and the wavelength of the incident light. Since the intensity of the
light decreases as it passes through the substance, the sign of the right-
hand term is negative. This expression can be integrated to give the follow-

ing expression.
I

log f* = ACd

where I equals the intensity of the radiation emerging Zrom the sample cell,
I, the intensity of the incident radiation, and d the thickness of the sample.
The quantity A is known as the molar extinction coefficient and is character-
istic of a particular substance at a given waveleng: The quantity log i%
is known as the optical density, and it can be seen . this term is directly
related to the concentration. The above equation, which describes the Lambert
Beer law, indicates that the optical density measured should be directly pro-
portional to the concentration of the unknown in solution. Under proper con-
ditions, this is generally true and these conditions will be discussed in
subsequent sections of this report.

The basic schematic diagram for a photometer is very simple and
is shown on the next page. Light from the light source passes through a slit
to the wavelength selector which can be either a filter, prism, or diffraction
grating. It then passes through a second slit “nto the sample and the inten-
sity of the light is measured by a photomultiplier tube. In the simplest types
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Sample Photomultiplier tube
Slit Slit
o, I l . Sensing and
display system

Light source

wgavelength selector
(filter, prism, or diffraction grating)

FIGURE 1. BASIC DIAGRAM OF A PHOTOMETER

of colorimeters, the light source is an incandescent lamp. The proper wave-
length region is selected by a series of band-pass filters and the filtered
light passes through the sample. It should be noted that the photomultiplier
tube gives a signal directly proportional to the inteasity of the radiation

as it emerges from the sample. From the above equation, it can be seen that
the relationship between the concentration of the sample and the emergent
radiation is a reciprocal log function and is not related linearly. In pho-
tometers with simple electronics, the conversion from the voltage output of
the photocell is accomplished by a nonlinear dial reading or by reference to

a table relating 100 percent transmittance to concentrations. Because of this
nonlinearity, simple photometers do not give accurate readings at high optical
densities. In systems utilizing band-pass filters, deviation from Beer's law
can occur if the band pass covers too broad an area of the absorption peak of
the substance being analyzed.

In more complex spectrophotometers, further refinement of the simple
diagram shown above are included. In ,rder to compensate for voltage fluctua-
tions and variations in intensity of the light source, the beam may be split
into two components after it goes through the wavelength selector, as shown
in the next figure. One of the beams traverses the sample and the other goes
through a reference cell. Changes in volume current, source intensity can
then be electronically compensated. The cutput signal from the photocell
cs- be converted electronically to a logarithmic output which Is directly

proportional to concentrations.
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| Sample ceil Sample
(o) ' A D 1) photocet!
Light |
source Slit Wavelength —/ J) Reference
selector 'y Lt photocell
Reference cell

FIGURE 2. SIMPLIFIED DIAGRAM OF A DOUBLE-BEAM PHOTOMETER

Spectrophotometric methods can be further classified according
to the type of measurements one desires on a given sample. In the first
case, one may wish to obtain a scan of the abscrption of light of a given
sample over a range of wavelengths starting from UV through the visible
spectrum. To obtain such a scan, one needs an instrument which has a drive
mechanism coupled with the wavelength selector and which operates on a
double-beam principle. In precision instruments, the selection of wave-
lengths is performed by a diffraction grating and gratings are now avail-
able which can give a very accurate selection of wavelengths.

A second type «f measurement which one makes with photometric
equipment is the absorption of a given sample at discrete selected wave-
lengths in order to determine concentrations of constituents in the sample.
In this case, one is not interested in a wavelength scanning function but
is concerned with the ability to select wavelengths with as narrow as possible
a band width. This type of photometer could be of special interest to the
NASA program because many of the instruments of this type which are available
are quite compact and simple in their operation. They operate at a few pre-
selected waveleng ths which are determined by the type of material being ana-
lyzed. T>r example, if one wishes to analyze proteins, a device would
operate at a wavelength of 280 nm. Nucleotides in general can be detected
at 260 nm and reduced NAD at 340 nm. A great many instruments of this type

are available as can be seen from our instrument survey section of this report.
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Spectrophotometric instruments are categorized by the region of
wavelengths in which they are capable of operation. As mentiond before,
the three categories are ultraviolet, 150-350 nm; visible, 350-1000 nm; and
infrared, 1000-15,000 nm. In a general sense, infrared spectra are useful
in determining information about the molecular structure. They would not
be of great value in this present program for several reasons. First of
all, the particles being analyzed would be suspended in an aqueous medium
which would blank out the absorption spectrur of any species in solution.
Second, the extinction cvefficients in the infrared rezion are small com—
pared to those in the visible and ultraviclet regions, and thus even if an
aqueous solvent were not used, relatively high concentrations of the sample
would be required.

Absorption of ultraviolet and visible light are a result of eiec-
tronic transitions occurring within the sample molecules. Many spectro-
photometers have capabilities of measuring absorbed light in both regions
and several are included in this report. It should be noted that although
the optical principles of UV and visible light spectrophotometers are the
same, two differences exist on a practical level between these two light
absorption regions. The first is the light source. A simple incandescen:
light source can be used in visible region. However, for UV measurements,
the incandescent source is inadequate at the shorter wavelengths and one must
use a hydrogen-deuterium lamp. The secoand difference is the type ot materials
used to contain the sample. In the visible region, one can use glass and
various kinds of transparent polymers to contain the test solution. In the
UV region, these materials absorb: thus, quartz must be use¢d as a sample con-
tainer.

Photometric instruments may be categorized from the standpoint of
the physical form of the sample being analyzed. In the most common arrange-
ment, the sample is contained in a discrete sample cell in a compartment
within the instrument. The sample 1s thus removed from a solution being ana-
lyzed and is homogeneous. A number of photometric analysis systems have

automated accessory equipment for placing samples in and out of the sample
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compartment. In addition, if a series of samples are measured over a time
period to analyze a kinetic reaction, equipment is available to automatic-
ally move samples in and out of the photocell compartment at selected time
intervals.

A second type of sample configuration which should be of defiunite
value to this program is the flow cell. In this configuration, the sample
is continuously flowed through the light beam of the instrument. The flow
cell arrangement interfaces very well with separation processes and can be
conveniently used to monitor the effluent from such processes. For example,
many flow cell systems exist for monitoring proteins separated on chromato-
graphic columns. 1In NASA's program on separation of biological macromole-
cules in space, UV and visible absorption flow cells could be used to
monitor effluents from a wide variety of separation devices including both
the batch and continuous~flow types.

A third type of photometric measurement configuration which is
used to analyze samples which are nonhomogeneous is commonly referred to as
optical densitometry. 1In this configuration, the sample traverses the light
beam in one or two dimensions and the concentration of the various constitu-
ents of the sample in their respective zones can be detected. This method
is commonly used to analyze disk, gel, flat gel, and strip electropherograms.
Results from such a scan are obtained as a plot of the optical density as a
function of distance in the X direction. A simplified diagram of a scanning

densitometer is shown below.

CP Light source

—— Slit

T [ [ ] — Sample traversing

T 111
_&/ light beam
Variable concentration zones

within somple

Photomuyltiplier

FIGURE 3. DIAGRAM OF SCANNING OPTICAL DENSITOMETER

m
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Another variation of the optical densitometric procedures fllows
the sample to remain in a fixed position while the light beam moves over
the sample. This can be accomplished by a fiber-optic iight pipe which
transmits the illuminating light to the surface of the sample. It is then
reflected back and transmitted to the photomultiplier tube by another light
pipe contained in this same probe. The probe can traverse a sample in the
X and Y dimensions and is useful for scanning thin-layer chromatographic

plates. A sketch of this device is shown below.

Photomuitipiier

Light pipe returning signal
— to photomultiplier
Light sourC)c‘ex W
[}

Illuminating
light pipe Sample

FIGURE 4. LIGHT PIPE SCANNING OPTICAL DENSITOMETER (REFLECTING"

A similar arrangement could be used in scanning a free-flow elec-
trophoresis unit if the materials were transparent to the wavelength of light
used and if a reflecting surface were used on the back side of the sample cell.
In addition to reflected light, transmitted light can also be used with a
fiber-optic probe. In this case, the return light pipe is placed on the other
side of the sample. The two probes then move in conjunction with each other
and traverse the sample.

Another modification employing fiber optics for monitoring concen-
trations of effluents in an electrophoresis system was developed by Hannig(l)*

and is shown schematically on the next page.

* References begin on Page 141.
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Fiber optic light pipe Photodiode array

0”’0,—\
_7 Multichannel
__/ amplifier
['o S |

o= —
Light 50u::;_-_-‘\\\\\\\\“ ©
Ot
-
Sample

FIGURE 5. MULTIPLE LIGHT PIPE DENSITOMETER

In this system, «n array of fiber-optic probes directs light to
several channels of the effluent from the electrophoresis device. On the
other side of each channel is a light-sensitive dinde. In Dr. Hannig's
arrangement, the signal from each of the diodes is scanned pericdically
and the data are then displayed on a television screen. This system enables
the concentration of sample in several different effluent streams to be

monitored simultaneously.

Photoemissive Methods

In addition to photoabsorptive methods, the emission of photon
energy can be used as an analytical method for biologically derived species.
Three types of photoemission are generally used for analysis and character-~
ization of molecular species. These are fluorescence, phosphorescence, and
Raman spectra. All of these result from the adsorption of light bv a mol2-~
cule at one wavelength and emission of light by the same molecule at another
wavelength, Raman spectra occur when light interacts with molecules at a
level insufficient to cause an electronic transition; rather ..e ligat
causea a vibrational shift in the molecule and is reemitted at a slightly
longer wavelength corresponding to the energy of the vibrational shift.
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Raman spectra bear a great deal of resemblance to infrared spectra and are
useful in elucidating functional groups and ztructural relationships in organic
molecules, They are not as valuable in indicating the relative concentration
of different constituents and therefore have not been considered in any detail
in this report.

Fluorescence and : hosphorescence result from the adsorption of UV or
visible light by a molecular species. The adsorbed light is reemitted by the
molecular species almost always at a slightly lounger wavelength. The difference
between phosphorescence and fluorescence is the time required for reemission of
the adsorbed protons with fluorescence being more rapid by several orders of
magnitude. For the detection of biological macromolecules, fluorescence is
much more valuable than phosplorescence and will be discussed in further detail

in this section of the report.

Fluorescence Spectra. As mentioned previously, rluorescence is

described as the adsorption of ultraviolet or visible light by a molecular
species followed by reemission of the light at a slightly longer wvavelength.
When the molecular species adsorbs the light, an electronic transition occurs
placing the molecule in an excited state. In this excited state, the mole-
cule then shifts to a slightly lower vibrational energy level and from this
level a photon is emitted causing the molecule to return to the electronic
ground state. Because some energy is lost in the shift to a lower vibra-
tional or rotational energy state, the wavelength of the resulting emission

is somewhat longer than that of the adsorbed light. Fluorescence, of course,
can only occur in wavelength regions where the molecule adsorbs the incident
light. Adsorption of visible or UV light by a molecular species certaiaily does
not indicate that fluorescence will occur. Most molecules which adsorb light
in this region dissipate the energy by rotational and vibrational modes and do
not emit photons in the visible region. A number of biological molecules do
exhibit fluorescence and thus this technique can be used in a wide number of

applications.



v

74

A schematic diagram of the operation of a spectrofluorometer is

shown below.

Sample

Light l

source Exitation
:‘3;23?9'" Emission wavelength
selector
«J) Photocell

FIGURE 6. SIMPLIFIED DIAGRAM OF A SPECTROFLUOROMETER

Light from the light source goes through the monochromator for

wavelength selection for excitation of the sample. It is adsorbed by the
sample and reemitted as fluorescence ir all dicections. The emitted light
is commonly measured at an angle of 90 degrees from the exciting light.
This emitted light is passed through a second monochromator and is then
detected by a photocell. In the design of such an instrument, care must
Le taken to avoid errors from scattered light since the intensity of the
emitted light is much smaller than that cf the incident light.

A molecular species which fluvoresces has two characteristic spec-
tra. These are the excitation spectrum aud the emission spectrum. Excita-
tion spectra are obtained by measuring the intensity of the emitted light at a
fixed wavelength while varying wavelengths of the exciting light. The shape of
the excitation spectrum is that of the absorption curve of the molecule.
Emission spectra are obtained by fixing the exciting light at a given wave-
length and measuring the intensity of the emitted light as a function of wave-
length. The snape of the emission spertra is independent of the wavelength
of the exciting light. Fluorescence measurenents have some advantages over
light adsorption measurements because of greatly increased sensitivity. 1n
addition, fluorescence can sometimes distinguish between two different mole-

cular species whi:ch adsorb light in the same wavelength regions.

—— et
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The hiyher sensitivity of fluorometric methods as compared to
absorptimetric methods is due to the fact that the fluorescence is a direct
measure of the concentration of the fluorescing species. In absorptimetric
measurements, the absorbing species ~ duces the intensity of the transmitted
light in relation tc its concentration in the sample solutions. For samples
of low concentrations, the intensity of the transmitted light from the sample
could be reduced very little in comparison to that of a blank and thus accu-
racy of the measurement could be severely compromised. In contr .t to this,
i1f the solutions were assayed by fluorometric methods (assuming the sub-
stance were fluorescent), the signal from the blank would be zero while the
signal from the sample would be related to the concentration.

The increase in sensitivity which can be realized by fluorometric
methods can be as high as three orders of magnitude greater than could be
obtained with absorptimetric methods. In addition to greater semsitivity,
fluorometry also has the advantage of higher versatility. Commonly, the
working concentration range of fluorometry can vary a thousandfold. This
versatility arises from the fact that the wavelength of the exciting, as
well as the wavelength of the emitted light, can be varied. Quite often,
this enables the analysis of a molecular species in the presence nf an
interfeving substance which might have to be removed in a direct absorpti-
metric measurement.

In fluorometric analyses of complex solutions, interference can
occur from compounds which quench the fluorescence of the substance being
analyzed. In this case, these substances must be removed to eusure the
accuracy of the assay. Fluovometric measurements are widely used in the
analysis of biological mixtures and can be used to detect steroids, lipids,
proteins, aminc scids, enzyme zctivities, drugs (such as barbiturates, sali-
cylates, tetracyclines, morphine, and many others). An excellent summary of
the utilization of fluorescence in biology and medicine has been written
by Udenfriend.(z)

and can be directly detected by flucrometric procedures. However, the use-

A number of biological constitvents fluoresce naturally

fulness of these procedures is not limited to those materals which fluoresce

U ——



76

naturally. For exampie, the presence and activity of enzymes can be assayed
by using fluorogenic substrates for those enzymes. Proteins in free solution
and in cells can be identified by coupling with a fluorescent dye conraining
a reactive functional group. For example, fluoroscein isothiocyanate is com
monly used for this type of coupling. In addi.fon, a hest of fluorescent
dyes are used in cytology to characterize various com .aents of cells. Intra-
cellular enzyme activities can also be detected by interaction with appro-
priate fluorogenic substrvates. Finally, fluorescent antibodies can be used
to identify a very large number of oiological constituents. These antibodies
are conjugated with fluorescent molecules such fluoroscein isothiocyanate.
The fluorescent antibody then binds to its respective substrate and measuring

the fluorescence constitutes an assay for that particular substrate.

Refractive Methods

When light passes from one medium to another medium . different
deusity, the velocity of the light changes. The difference in velocity in
the two mediums causes a sh’ft in the direction of the beam. The change
of direction is known as refraction and r.ue ref active index of a given

medium 1s Jefined as follows

sin I

N = sin R

where I equals the angle of incidence and R is the angle of i1efraction. By
measuring the angles of incidence and refraction, the refractive index os
any given substance can be deatermined. In a given soivent such as water, the
refractive index increases with the concentration of a given solute. There~
fore, with the appropriate instrumentation, measurement of the {i.iz. of refrac-
tion can provide an analytical technique for concentrations of su::t.nces in
aqueous solutions.

Detection methods based on refractive methods are oy value to the
NASA space program because of their relative simplicity and versatility. In
this sec<ion, we will consider thr. :ypes of effects based upon ligh: refrac-
tion which can be utilized for detection of biological rolecules. These are
refractometry, light scattering, and nephelometry.

— et
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Refractometry. As mentioned previously, the presence of a given

solute in a solvent can be detected by the measurement of the refractive
index of the solvent. in aqueous systems which are of the most interest in
this particular program, the measurement of the index of refraction needs to
be highly accurate in order to detect solutes at low concentrations. As in
the case ,f absorption photometry, the sample may be measured in either a
batch or a flow-through process. A number of refractomecers are available
which zan measure refractive index of a batch sample. However, for this pro-
gram, the flow refractometers are of the most use. For monitoring the effluent

of a separatinn device, a differential refractometer can provide a highly
sensitive detection neans. This device continuously monitors the quanti-

tative difference: refractive index between the reference solution and

the sample solution. A schematic diagram of the device is shown below.

! 1 . H
M -or Sctmp*e ce Lens 5"'|5 té%?::e
t
A e Ay
: Dty putit & QU ¢/, EF R
L ’ * Detector

Reference cell
FIGURE 7. SCHEMALIC DIAGRAM OF DIFFERENTIAL REFRACTOMETER

A beam of light from the ligh. source, which is an incandescent
lamp, passes through the slit confining the beam to the region of the cell.
The lens collimates the beam which then passes through the sam le and ref-
erence cells. The beam is then reflected back through the sample and ref-
erer.ce cells through the lens and focused upon the detector. ‘The location
of the focused beam is determined by thc difference in refractive index
between the sample and the reference cell. As the beam changes its location
on the detector, an output signal is generated which is amplified and sent
to a meter or corder. Another typz of optical system for measuring differ-

ences in refractive index between the sample and reference cells utilizes

Bl ot e
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two separate collimated beams of light. A difference in refractive index
between these two cells affects the relative intensity of the light and is
then detected by a dual photocell. This latter method is somewhat sensitive
to dirt, air bubbles, and reflection due to the accumulation of

films ca the optical surfaces, and thus care must be taken to ensure these
cells are absolutely clean.

Differential refractometry can provide a very sensitive method for
detection of minute amounts of solute in aqueous systems. However, care must
be taken to ensure that both the reference and sample fluid stream are at
identical temperatures and under identical pressures since both of these
affect the index of refraction. In addition, if buffer solutions are used,
the composition of buffer in both sample and reference beams must be identi-
cal. To ensure uniform temperature between both streams, a heat exchanger
can be employed.

Of particular interest to this program are the differential refrac-
tometers manufactured by Pharmacia Fine Chemicals and Waters Associates. The
first instrument is capable of measuring differences of 5 x 10-8 refractive
index units. It has a very broad range of sensitivity and can measure solute
concentrations up to 25 percent (w/v). The cell volume is quite small (8 ul)
and thus this instrument can interface with a wide variety of sepa ation
devices. The flow rate through the sample cell can be varied over a wide
range from 10 ml/hr to 500 ml/hr. The entire unit is a solid-state design

with no moving parts. The minimal detectable solute concentrations are as

1low.
Concentration,
ug/ml
Dextran T40 0.3
Yeast RNA 0.2
Ovalbumin 0.4

Ribonuclease 0.2



o P O IR

o oup GEER 9N Eg Py o Py Py P P Bend Jeud e el Peed b e o el ey e

e

79

The Waters instrument is capable of detecting differences in refrac-
tive index of 10-7 refractive index units and thus has slightly lower sensiti-
vity. Both instrumenis can detect very sharp peaks of solute in the sample
because of the smill volume of the photocell detector.

Conc:. tration gradieats of biologically derived particles within
the separation d. sice itself can be detected also by refractometric methods

by a technique described in the following section.

Schlieren Optics. Methods based on refractive index can be util-

ized to detect the separation of substance; within a separation cell itself
rather than from a sample eluted from the cell. Such techniques are used in
electrophoresis, diffusion, and sedimentation separation devices to detect

the various components as they are separated. As mentioned previously, a
linear relation exists between the index of refraction of a solution and the
concentration of the solute. Thus, any concentrati.n gradient withir a given
solution will also result in a gradient in the refractive index. If a beam
of light traverses a separation cell in which a solute or solutes have been
separated in various bands, the refraction of the beam will increase as it
passes through each band. The extent of the refraction will be rel-ted
directly to the concentration of the particular solute in the band. By
measuring the extent of refraction of the beam as it traverses the separation
cell, one can then determine the location and concentration of solute in the
various separated zones. A system for doing tais has been developed and util-
izes a type of optics known as Schlieren optics. A schematic diagram is shown

below.

Schhieren Oblique

shit plo,e

Light
source

Separation cell
Cylindrical
lens

FIGURE 8., DIAGRAMMATIC SKETCH OF THE SCHLIEREN LENS
SYSTEM TO OBTAIN THE CONTOUR OF THE INDEX
OF REFRACTION GRADIENTS IN A SEPARATION CELL
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The cylindrical lens has the property of focusing light horizon-
tally but not vertically. In the presence of a concentration gradient, the
line on the plate wili be shifted horizontally to produce a hump. The
amount of shift is proportional to the refractive gradient and thus the area
under the hump is proportional to the concentration difference between the
solution and the solvent.

Schlieren cptics have been used for a great many years in determin-
ing the concentration gradients in electrophoretic, sedimentation, and diffu-
sion cells. This system has the advantage of being generally applicable to a
wide variety of solutes and is not dependent upon a particular adsorption
band of the solute in question. A number of instruments employing Schlieren
optics are commercially available. However, these usually include a
Schlieren optic system which is integral with the separation device. For
example, the Beckman ultracentrifuges, Models E and L, come equipped with
Schlieren optic systems. In addition, the Beckman Model H electrophoresis
apparatus also has 4 Schlieren optic system which is irtegral with the device.
Beciman does make a system which can be purchased separately, but this is made
for application to an ultracentrifuge. The major disadvantage of Schlieren
optical systems is the precise alignment which is necessary for the system's
proper functioning. The system also requires more space than other photo-

metric devices, and this could be a disadvantage for in-flight operation.

Light-Scattering Photometry

When light passes through a medium of uniform refractive index,

the beam continues undeflected in the direction of its propagation. However,
when any discrete variations in the refractive index of the medium exist, such
as those caused by the presence of particles, part of the light will be scat-
tered in all directions. Light scatteriug is a commonplace phenomenon, and
its most common illustration is the scattering of solar radiation in the upper
atmosphere to produce the blue color of the sky. The turt-iity of liquids and
solids (and in some cases their color) is a result of the scattering of inci-

rent 1ight. The theoretical bases for light scat*ering theory were developed

[
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by Lord Rayleigh from 1871 onward. With present-day scattering techniques,
it is possible to determine the size distribution of particles in a colloidal
suspension and the molecular weight and configuration of macromolecules in
solution. Thus, the technique of light scattering can have broad applica-
bility to the NASA program for detection of several types of particles.

The general theoretical bases for determination of the properties
of particles from measurement of their light scattering are quite complex
and will not be discussed in any detail in this report. For purposes of sim-
plicity, we will divide the types of particles to be detected into two areas:
particles of size considerably smaller than the wavelength of the ircident
light and particles equal to or considerzbly larger than the incident wave-
length. The first category includes proteins, carbohydrates, and polynucleo-
tides. In the second category are included bacteria, cellular organelles,
and mammalian cells. Rayleigh derived an expression relating the intensity
of scattered light of a giver particle to the radius, wavelength, refractive
index, and the angle of the scattered light. This expression is valid for
macromolecules having a radius not exceeding about 1/20 of the wavelength of
the incident light.

The basic components of a light-scattering photometer are shown

below.

Particle suspension

sample
u?n” g H * /‘ _j.
source Stit 9 Light trap
/
Detector

FIGURE 9. BASIC OPTICAL SYSTEM FOR LIGHT SCATTERING
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The basic requirements are a monochromatic light source, beam-
defining optics, a sample cell, a photodetection system, and a readout
device. The photodetection system must be movable to measure the distri-
bution of intensity as a function of the light-scattering angle. The
intensity of the scattered light is verv low compared to that of the inci-
dent light and thus extraneous light must be rigorously excludaed from the
system. This includes light from reflection of the vessel walls containing

the sample, back scattering from the incident beam, and othe~ extraneous light.

Detection and Analysis of Macromolecular Solute Molecules. As men-

tioned previously, light scattering can be used to determine the molecular
weight and sh: ,e parameters of macromolecules such as proteins, polynucieo-
tides, and high mole~ular weight carbohydrates in solution. From the inten-
sity and angular distribution of the scattered light, the weight average
molecular weight and the average radius of gyration can be determined. When
the molecules in solution are much smaller than the wavelength of the inci-
dent light, scattering occurs uniformly in all directions and measurements of
scattered light at a single angle will suffice to obtain the needed information
about the species in solution. For larger particles, for example, viruses and
polynucleotides, scattered light intensity varies with the angle due to

al molecular chaina. Tn this

intorference between different parte of individu
case, the intensity of the scattered light must be measured at varying angles
and at different concentrations. The data must then be plotted in such a
fashion that measurements are extrapolated to zero angle cnd infinite dilu-
tions. Such a plot, called a Zimm plot, enables calculation of the radius

of gyration from the slope of the line and molecular weight calculations from
the intercept.

The technique of light scattering could be useful in the analysis
of macromolecular particles such as proteins and nucleic acids separated by
techniques included in the NASA space-processing program. For example, it
could distinguish between proteins or nucleic acids of different molecular

weights or varying shapes. However, other techniques of analysis based on
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immunologic or calorimetric methods may be preferred because of their sim-
plicity. The time and efgort involved in constructing a Zimm plot can be a
drawback for this technique. For larger particl-s, recently developed

J

methods discussed in the following section could be of considerable value.

Detection of Suspenued Particles

Light-scattering techniques provide a highly versatile method for
counting and quantifying properties of particles larger than 0.5 u in sus-
pension. Many types of particle~counting and detection instruments are based
upon the principle of light scattering and use a variety of detection angles
'nd cell configurations. For purposes of this discussion, we shall consider
devices which detect light scattered from individual particles as they tra-
verse a beam of incident light. Such instruments necessarily are flow instru-
ments in which a diluted sample stream is passed continuously through a
detection cell. A particle suspended in a medium which has an index of refrac~
tion different from the particle will scatter light by three different mech-
anisms. These are external reflection, refraction, and diffraction. The
intensity of the reflected light is dependent upon the angle of reflection

relative to the incident beam and the refra:tive index of the particle rela-

+ivo
~iVe

r

o the medium. Similarly. tie intensity of the refracted component is
dependent upon the angle of refraction and the relative index of refraction

of the cell and transmittancy of the cell to the particular wavelength of the
incident light. The diffraction component of the scattered light results from
interference of light wavefronts produced by the total or particle obstruction
of wavelengths by the particle. The intensity and size of the interference
bands depend upon the angle with respect to the incident beam, the size of the
object, and the wavelength of illuminat%g?.

It can be shown theoretically that for certain size ranges of
particles relative to the wavelength of illumination the intensity of the

diffracted light at swall angles of scattering is directly proportional to

Tt
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the volume of the suspended particles. Furthermore, the intensity is inde-
pendent of variations in the refractive index of the particles and is very
much greater than that of the reflected and refracted components. A very

crude approximation which illustrates the relative intenr‘ties of these com~

ponents is shown below.

100
2 Diffracted component
2 or
e
<
2
-3 ] el Ref'ected and refracted
@x ~ e component
“ - - -
- - .
0.1f ~~
| ] ] 1 I L

10 20 30 40 50
Sccttering Annle, degrees

FIGURE 10. RELATIVE INTENSITIES OF DIFFRACTED,
REFLECTED, AND REFRACTLD LIGHT BY
LARGE PARTICLES

It should be noted that this figure does not show any fine structure
variations due to the internal structures of the particles in the refractive
and reflectiv: components.

One can ruz?¢ly surmise from this diagram thac measurement of
scattered light at ‘1 angles greatly increases the potential sensitivity
of the system since the intcnsity at 3° is roughly 100 times the intensity at
20°.

The refractive and reflective components of scattered light arz
dependent upon the refractive index of the particle and to chang2s in the
refractive index within the particle itself. Therefore, measurement of the
scattered intencity is a function of the angle of scattering and reveals
features of the internal structure of the particle and can be used to distin-

guish one particle from another. For example, laser light scattering can be
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used in the classification of bacteria.(a) The size and the elements of
the dielectric structure of a bacterium can be determined by examination of
its light-scattering vattern over a range of angles from 0 to 90 degrees.
In the above reference, the author studied tne effect of various chemicals
and therapeutic agcats on the cells and was able to demonstrate membrane
effects and changes in size induced by these agents. The bacterial cell may
be regarded as a sph:ere with a uniform interior region (i.e., cytoplasm) sur-
rounded by a shell-like structure (the cell wall). These two structures
have different indices of refraction which results in a variation of scat-
tered light intensity as the anglc is changed. A particular type of cell can
then have a characteristic fingerprint which can be used as a method of detec-~
ticn.

Applications of these principles will be discussed in a future

section of this report entitled "Multiparameter Cell Analysis Systems".

L:ght~-Scattering Densitometry. Another variation of light-scatter-
(5 This

ing techniques to detzact particle bands was described by Strickler.
technique as criginally described is used to detect bands either visually or

photographically. A schematic diagram of this system is shown below.

Separation cell

Light source

= .
/ Viewing direction ‘
Lens / g/(visuol or photographic)
Sllt =\

FIGURE 11. SCHEMATIC DIAGRAM OF CROSS-SECTION ILLUMINATOR

i
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The separation cell is illuminated at an oblique angle by an
incandescent lamp. The light then passes through a condensing lens and a
slit into the separation cell. On the opposite side of the separation cell,
the bands may be viewed at an angle of approximateiy 90 degrees to the inci-
dent light. Light scattered by the particles within the separation cell
makes them appear brighter than the surrounding medium and thus they can be
visualized. This technique can be used to scan an area of the separation
cell approximately 2 cm in width. If one wishes to view a larger area, the
1light source and slit can be moved up and down accordingly. The lower limit

of particles detectable by this method is 0.1 u.(6)

With larger particles
(0.5 u), the lower limit of sensitivity in terms of concentration is O..
percent. ‘The rather relatively low sensitivity of this system is due to
the fact that the scatteced light is visualized at a#n angle of 90 degrees
from the incident light.

Greater sensitivity with this type of system could be attained by
measuring the intensity of the scattered light at a very low angle relative
to the incident beam. One could devise a light-scattering densitometer as

shown in the diagram below.

Light sou-ce

L
A

Sample with various
concentration zones

-—»Sample traverses light beam

- Photocell

incident light stop

FIGURE 12, SCHEMATIC DIAGRAM OT LOW-ANGLE
LIGHT-SCATTERING DENSITOMETER
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The sensing system could be arranged to traverse the entire length
of the separation cell and measure various concentration gradients within the
cell. On one side of the cell, the light source and slit could be placed.

On the opposite side, a transmitted light stop and photocell could be arranged
to measure the intensity of the scattered light. The angle of the scattered
light relative to the incident light could be measured at approximately 5°.

By using an intense light source such as a laser, the sensitivity of this
system could be improved by at least two orders of magnitude above that of
Strickler's system. The light source and photocell could bLe designed to tra-
veise the separation cell at the same rate. This system should have consid-

era le sensitivity for particles . larger than 0.1 u.

Nephelometry. Anotuer variation of detection methods based upon
light scattering can be grouped under the general headings of nephelometry.
In essence, instruments of this type measure the scattered light usually at
an angle of 90 degrees relative to the incident light. The schematic dia-

gram of a nephelometer is shown below.

'.ight Sample
source |
o) I Light trap
Slit
——[——Slit
@ Photocel |

FIGURE 13. SCHEMATIC DIAGRAM OF A NEPHELOMETER

Nephelometry is used in a wide variety of applications ° which the
concentration of suspended particles in matter is measured. T.. technique is

highly sensitive for relatively small concentration of suspended material and
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has the advantage chat there is zero signal at zero concentration. A very
broad range of particle concentrations can generally be measured with i.eph-
elometric methods. At higher concentrations, however, the sengitivity of
the instrument can decline because the sample can become so opaque that suf-
ficient light cannot enter it to produce a measurable readings. As in light
scattering photometry, care must be taken to exclude all types of stray
light which can come from the light trap, the lens, or the surface of the
sample tube. A common source of error can be caused by bubbles in the

sample and care must he taken to av..d ecuch bubbles.

Synopsis of Light-Scattering Techniques

In the above sections, a number of measurement methods based on
light scattering have been discussed with respect to their relevance to tﬂe
NASA program. Each of the various methods has certain sdvantages and disad-
vantages for measurement of biologically derived particles. The table on

the following page summarizes some of the points made in the text.

Polarimetry

A iarg . :mber of biologically derived molecules in solution have
the nroperty ¢f rotating the plane of plane-polarized light. The measurement
of this rotation of polarized light is termed polarimetry anc this technique
can serve as a method of analysis under proper conditions. The principle of
a polarimeter is quice siwple. Monochromatic light is ssed through a pclar-
izer and then through the sample. It then passes through an enalyzer and
finally impinges on a photocell. The analvzer consists of a polarizing crys-
tal which can be rotated. As the analyuer is rotated to correspond to the
polarization plane of the light emerging from the sample, the intensity of
the 1light on the photocell increases. Using the optical null principle,
the amount of rotation which occuired in the passage of light through the

sample can then be determined. Several polarimeters are automated and
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present digital output data in the forn of the degrces of rotation occur-
ring in the sample.

Compounds which have the property of rotating plane-polarized
light are those which possess molecular asymmetry. A great manv biological
molecules fall into this category and thus carbohydrates, aminc acids, pro-
teins, nucleic acids, vitamins, minerals, and other compounds *-ill rotate
light.

The extent of the rctation is related to the coo t1::{%on of the

rotating compou.d by the following expression.

a =LC [a]

where o is the observed rotation in degrees, [a] is the specific rotation of
the comp.ound, . is the length of the cell in decimecers, and C is the concen-
tration of the compound in z/ml. The specific rocation of a given compound is
dependent upon the wavelength of th. light, the temperatire, and the pH of the
solution. Since the concentration term is expressed in g/ml, the vnkuown sub-
stance must be present in fairly high ~oncentration. The most sensitive
polarimeters are accurate io 0.00:'. 1tis wo:ld enable detection of amounts
of solute in the range of 100 ug/ml dep:udirg. of course, on the magnitude of
the specific rotation.

Polarimeters zonventiomaily operata in a discrete sa-ple mode but
can be adapted t. work in a flow~-cell oberaticn. Such a system is described

(7

in a paper by Saltzman and chould be =zdapiable to operation with a separe=
tion device. The usefulness of such a sysiem weald be limited, however,
because of the lnrge campl. volume required, the hiz" concentrations, and the
relatively slow rperation of the polarir er.

In spite of the several drawbacks, polarimerry dn:5 fave some udvan-
tages. The technique can tolerate a certain degree of tvibiaity and c.lcs
backgriund in the sample and is capable of Aetection cf a wid. raage of com-

pounds.
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Flow Microcalorimetry

Flow microcalorimetry is a relatively new technique which may be
of potential value for analyzing the separated products obtained from the
“.*3A space-processing program. The technique is based upon the fact that
almost every process, whether it be physical, chemical, or biological, is
accompanied by heat evolution or absorption. The amounts of heat involved
in any given orocess is related to the intrinsic properties of that process
and on the amount of material undergoing a change. The use of flow micro-
calorimetry for analysis of biological systems has a particular advantage in
nontransparent and impure solutions which are difficult to analyze by pho-
tometric methods. The flow ricrocalorimeter which is the basis for this tech-
nique was developed in 1969 by Monk and Wadso.(g) The apparatus is a twin
calorimeter which utilizes a heat-conduction principle. Heat evolved in the
reaction cell is conducted through the surrounding thermopile to a metal hear
sink. The difference in potential generated by the thermopile surrounding
the reaction cell and the reference thermopile is then used to quantitate the

amount of heat involved in the process.

A diagram of the calorimeter is shown below.

Sampie inlet
Sample outlet . p

= ——"\

>Heat sink
4" —
Reaction— -

cell ‘\\\ 0
2

[ ZEAN
Twh\thermopnesjb/// \\-Heotexchonge unit

|

FIGURE 14. SCHEMATIC DIAGRAM OF FLOW MICROCALORIMETER
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The biological applications of flow microcalorimetry have been

(9,10 In these papers, the

described in a number of recent publications.
use of flow microcalorimetry for the determination of several enzyme con-
centrations and substrate concentrations is described. The process can also
be used for the determination of antibody-antigen interactions and binding
of substances to macromolecules. In essence, any interaction of the mole-
cules being analyzed which adsorbs or evolves heat enables quantitation of
that particular substance. The specificity of the technique depends upon
the specificity of the biological interactions involved. For example, if
one wishes to quantitate the presence of a certaiu enzyme, one adds to the
solution a specific substrate for that particular enzyme. If the substrate
is added in excess, the amount of heat evolved is related to the concentration
of the respective enzymes. Ccnversely, one can measure the concentration of
the substrate of a given enzyme by adding the appropriate enzyme to the reac-
tion mixvure. The usefulness of this technique is, of course, limited to
those substances which can be made to undergo a specific interaction under the
conditions of the flow cell.

The sensitivity of the flow microcalorimetry technique is quite
high and can be used to detect micromolar quantities. The instrument is
now available commercially as the LKB 10700-1 flow calorimeter and is described
in the instrument section of this report.

Because this technique is still in its infancy and does not yet have
a broad appl. cability, it is not likely to be of immediate usefulness for the
NASA program. W- ever, the potential of this method is sufficient to warrant
its inclusion in this report.

Radioactivity Detection Methods

A glven element is defined as radioactive when the nucleus of the
element undergoes a spontaneous change accompanied by the emission of particles
and the “ormation of the nucleus of a new element. Emission of particles is

often accompanied by high energy electromagnetic radiation and the products of
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the decomposition process can be detected by a number of sensitive techniques.
Because of the high sensitivity of detection, the use of radioactive tracers
has been of tremendous use in chemistry, biology, and medicine in the last 25
years. In this section, we will describe the basic kinds of radioactivity,
the detection of radioactivity, and the application to biologically derived
systems.

Radioactive decay is a first-order process in which the integrated
form can be described by the following

where A0 is the initial activity at the beginning of the decay period, t is
the time of the decay period, A is the decay constant, and A is the activity
at that particular time. The unit of radioactivity is the curie (1 curie
[ci] is 3.7 x 1010 disintegrations per second). In experiments employing
radiocactive tracers, levels of radioactivity commonly employed are in the
microcurie to millicurie region. The specific activity of a labelled com-
pound is typically described in terms of uCi/mM.

Siuce radioactive decay is a first-order process, any given radio—
active element m.y be characterized by its half-life. Radioisotopes are fur-
ther characterized by the type and energy of the emitted radiation. The
energy of the emitted radiation is usually expressed in terms of electron
volts and runs in the range of 10 x 103 (keV) to 100 x 106 (Me&V). Three
types of radioactive decay will be considered in this discussion. These are
alpha radiation, beta radiation, and gamma radiation. The characteristics

of each of these types are discussed below.

Alpha Decay. Alpha decay occurs when an alpha particle (helium
nucleus) is ejected from the radioactive nucleus. For each type of transi-
tion, monoenergetic particles are emitted and thus alpha radiation occurs in
discrete lines. Alpha emission may or may not be accompanied by gamma

emissions. Since alpha particles are positively charged, they interact

o .
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with electrons of atoms along their path through matter. Since the cross-
section of electrons is much greater than that of the nucleus, the inter-
action of alpha particles with matter occurs very frequently. From a
practical aspect, this means that alpha particles cannot penetrate to any
depth in matter and are significantly absorbed when passing through a gas.
Because of this, alpha emitters are of very limited value in tracer studies

and will not be discussed in further detail in this report.

Beta Decay. Three modes of beta decay exist and these are negatron
emission (or beta - decay), positron emission (or beta + decay), and electron
capture. In beta - decay, the atomic number increases by one unit. Most
beta emitters also emit gamma radiation. In biological studies, the beta
emitters used most frequently are 3H, 140, 32?, 358, 36C1, and 450a because
these elements are found frequently in biologically derived molecules. In
contrast with alpha and gamma-ray emission, beta-ray spectra are cortinuous,
and in counting, one chooses a rather broad window which is characteristic
of the peak energy level. The isotopes referred to above have relatively
low energies but can be distinguished from one another in most cases by proper
selection of the appropriate windows. This will be described later in counting
techniques.

When beta particles, both positively and negatively charged, pass
through matter, they interact with the electrons of atoms in their path.

Since they are of significantly smaller mass than alpha particles, their
velocity is conside}ably greater. They can penetrate matter to a greater
extent than can alpha particles. However, in a practical sense, when count-
ing beta activity, one must essentially consider they cannot penetrate through
the walls of a vessel such as a glass test tube. When a beta particle inter-
acts while passing through matter, it can lose energy by emitting electromag-
netic radiation in the X-ray spectral region. This radiation is referred to
as Bremsstrahlung. High-speed beta rays also interact with matter to cause
emission in the ultraviolet and short visible regions. This radiation is of



B

¥, .

-y N N NN O ey um ey by mwl Bey Do el el Dol Pl Peed D) S D

P

-

N g

e

St P
IR ¢ NI

—— ———
e et

95

lower intensity and is known as Cerenkov radiation. In certain systems,
Cerenkov radiation can be used as a detection method for beta energy.

Because of the low penetration of beta particles through matter,
the absorption of beta energy by the emitting medium itself can become a
serious problem when low-energy beta emitters are utilized. For example,
self-absorption losses for tritium are so great that solid sources are not
practical for tracer experiments. A beta emitter such as 1l’C which is 0.1 mm
thick would self-absorb approximately 45 percent of its total energy. A
source containing 32P which has considerably higher energy of the same thick-
ness would self-absorb only 5 percent. Two types of scattering of beta rays
can complicate beta activity measurement. These are self-scattering by the
source itself and back scattering. The latter is a reflection of beta rays
from the material underlying the source. Beta rays which leave the source
in the direction away from the detector can be scattered back toward the

detector. This, of course, can increase the counting rate and increase the

efficiency for any given counting method.

Gamma Decay. Gamma radiation occurs by a deexcitation of a nucleus
without a change in atomic number. Gamma rays may be emitted promptly follow-
ing alpha decay or beta decay or their emission may be delayed. In contrast
to alpha and beta radiation, gamma particles possess no measurable mass.

They are monoenergetic and thus their spectra consists of discrete lines.

Since the gamma rays are not charged, when passing through matter they do

not interact as frequently as do beta particles or alpha particles. There-
fore, gamma rays can penetrate rather deeply into a substance along their path-
way and this property has made them very valuable for biological and medical
purposes. For purposes of this discussion, gamma rays interact with matter in
three different ways. In the first effect, called the photoelectric effect, a
gamma ray interacts with an atomic electron and transfers its entire kinetic
energy tc that electron. This electron then loses its energy by ion pair pro-
duction and further excitation. The probability of an occurrence of the photo-

electric effect varies approximately as the atomic number to the fifth number
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for the absorber atoms. Thus, materials of high atomic number, such as lead,
are much more efficient absorbers of gamma radiation than materials of low
atomic number.

A second interaction which gamma particles can undergo is known as
the Compton effect and occurs when a gamma ray transfers a portion of its
energy to a loosely bound electron. The excited electron can then expand
its energy by causiné excitation and ion pair forwation. The probability
for this type of interaction is approximately proportional to the atomic
weight of the absorber.

A third type of interaction which occurs for higher energy gamma
radiatin is the direct production of an ion pair. The probability of this
interaction (which occurs only at energies greater than 1.2 MeV) is propor-
tional to the atomic number squared of the absorber.

In contrast to the situation with beta rays, self-absorption of
gamma rays is quite low and, except for very zccurate work, does not cause

a significant source of error.

Detectors of Nuclear Radiation

Detection of nuclear radiation can be accomplished by several

means, and these are outlined in the sections that follow.

Tonization Chambers. An ionization chamber consists of a vessel

which contains a gas and two electrodes. As the radiation from the source
passes through the gas, ion pairs are produced which result in an electronic
pulse between the two electrodes. The size of the pulse is proportional to
the energy of the incident radiation.

Gas-Filled Proportional Counters. A gas-filled proportional counter

operates on a principle similar to an ionization chamber in that ion pairs
produced by the incoming radiation produce a current between two electrodes in

the chamber. 1In contrast to the ionization chamber, however, the applied
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potential between the two electrodes is sufficient to cause amplification of
the original interaction between the radiation and an electron. Typical
amplification factors range from 102 te 104. The term proportional is used
because the output current pulse is proportional to the energy of the
incoming radiation. This characteristic of a gas-filled proportional
counter makes possible the use of pulse-height discrimination to distinguish

between radiation of different energy levels.

Geiger-Muller Tubes. The Geiger-Muller (G-M) tube operates on

same principle as a gas-proportional counter except that the potential between
the electrodes is even higher. It cannot distinguish between different energy
levels of the incoming radiation and therefore ¥s not a proportionality
counter. The G~M tube requires little amplification and thus systems based

on the G-M tube are relatively simple.

Scintillation Detectors. Nuclear radiation can interact with cer-

tain types of adsorber materials to produce a photon in the visible or ultra-
violet regions. Such adsorbers are designated as scintillators. A scintilla-
tion detector consists of a scintillator which is optically coupled to a
photomultiplier tube. Several types of scintillation detectors can produce
output voltage pulses which are proportional to the energy of the incoming
radiation and thus can discriminate between various energy levels. Scin-
tillators can be placed in three categories: inorganic, organic, and gaseous.
Inorganic scintillators are ionic crystals which can be excited by ionizing
radiation. Fluorescence occurs when the entire crystal deexcites. Organic
scintillators emit light as individual molccules undergo electronic deexcita-

tion.

Semiconductor Detectors. Ionizing radiation reacts with semicon-

ductor detectors by producing electron whole pairs in the solid. An electrical

signal is obtained by separating and collecting the ion whole pairs and the
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number of such pairs is proportional to the energy level of the radiaiion.
Such detectors are commonly made from germanium and silicon which are
drifted with lithium. Lithiumdrifted silicon detectors can be operated

at room temperature. Germanium-lithium detectors must be cooled to liquid
nitrogen storage for operation and storage as well. Semiconductor detectors
have certain advantages over gas detectors in that they have better spectral

resolution.

Photographic Emulsions. Ionizing radiation impinging upon a silver

halide emulsion activates the silver halide and provides a permanent record
of the interaction. Thus, by placing a photographic plate next to a radio-
active source, one can determine the amount of radiation over a given period
of time by measurement of the ontical density of the developed photographic
plate. In cases where a given sample may contain cad’oactive substances in
different portions of its surface, the photographic pla‘e can be used to
determine the location of the radioactive source. The disadvantage of pho~
tographic emulsions is that they cannot give a real-time measurement and

that they are less sensitive than the other methods mentioned above.

Thermoluminescent Detectors. A thermoluminescent detector emits

light when it is heated after exposure to radiation. This light, which is

in the visible spectral region and whose intensity increases with increased
exposure to ionizing radiatior, can be detected by a photomultiplier tube.
Thermoluminescent detectors are frequently used in dosimetry because they can
in effect integrate the total exposure .¢ ionizing radiation at a given site

over a period of time.
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Characteristics of Radiation
Measurement Systems

A number of factors are important in determining the sensitivity
and accuracy of detection of nuclear radiation. One of the most important
of these is the geometry factor. A radiocactive source emits radiation in
a1l directions. Thus, a detection system which would intercept ever, dis-
integratior from the source would ideally be arranged in the form of a
sphere around the source at the center. In common usage, the geometry
factor refers to the fraction of the sphere around the source which is sub-
tended by the sensitive volume of the detector. Detectors which subtend
the entire sphere are referred to as having four-pi geometry; those subtend-
ing half the sphere are referred to as two-pi geometry. Below is an illus-

tration of a detector with a low geometry factor.

\ Detector

— - -

~ _

-\— Radiation sphere

FIGURE 15. EXAMPLE OF DETECTOR WITH LOW GEOMETRY FACTOR

Another important factor which depends heavily upon the geometry

30 ek SR PRI

is the efficiency of the detection system. Efficiency is defined as the
percent of disintegrations from the source which ure d»tected by the system.
Efficiency is, of course, affected strongly by the gecmetry of the system.

If only a small angle of the sphere is subtended, the efficiency will be rela-
tively low. It also is affected by characteristics of the detector itself

such as sensitivity and resolving time. Other factors which can lower the
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efficiency are absorption of the radiation by an intervening substance
between the source and detector and self-absorption. On the other hand,
efficiency can be increased by back scattering from the sample source. If
pulse height selection is used in a counting procedure, counts below a cer-
tain selected level will be rejected and thus the efficiency of the process
will be reduced.

Another important characteristic of a detection system using a
pulse detector is its resolving time which is the minimum time required to
detect two successive pulses separately. A Geiger-Muller tube, for example,
is a relatively slow detector and requires 100 to 600 usec to resolve two
pulses. In comparison, scintillaticn detectors can resolve pulses from
10 nsec to a psec.

For purposes of this report, we will discuss two kinds of instru-
mentation which can be coupled with the detector to provide a nuclear count-
ing system. The first of these is a simple pulse-counting system. This
system can provide either a total count of pulses over a measured period of
time or can give an instantaneous average pulse rate. Such a system is not
capable of analyzing various pulse heights but can have a pulse height selec-
tor which screens out pulses below ¢ certain level. The components of a

typical pulse-counting system are shown velow.

Timer Scaler Printer

HV supply

Puise height selector

Detector Preamplifier Amplifier

Rate meter Recorder

FIGURE 16. ELEMENTS OF A PULSE COUNTER
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Pulse-counting systems are available as integral units or ~3
be purchased in separate components. A large number of companies m:.u-
facture the separate components which are commonly referred to as nuclear
instrument modules (NIM). These NIMS are standardized with respect to
physical dimensions, connectors, and power requirements. The availability
of these modules is of advantage to NASA because a system can be assembled
from these components to meet the specific detection requirements of the NASA
experiments.

A second type of detection system is a nuclear spectrometer which
can measure and analyze the spectral distribution of nuclear radiation. Such
a system analyzes the pulse heights received from the retector which are pro-
portional to the energy of ._he incident radiation. It is also essential that
the preamplifier and linear amplifier retain the proportionality of the pulses
reaching the pulse-helght analyzer.

Pulse-height aralysis can be achieved by either a single-channel
analyzer or a multichaunel analyzer. A channel analyzer consists of a
variable lower-leve). discriminator and a variable upper-level discriminator
which defines an energy window. In radioisotope tracer studies, the value
of a spectrometer lies in its ability to detect and discriminate several
radioactive sources in the presence of each other. This is, of course,
dependent urc.a the energy peaks of the various sources being sufficiently
far apert to be detected independently of each other. In the case of gamma
radistion in which the emitted energy is essentially a lin., the window can
be fairly narrow and still attain a good efficiency. 1In the case of beta
radiation where the emitted energy is continuous rather than line, a rather
broad window must be selected to attain good efficiency. If various isotopes
are counted ir the presence of each other, these windows can sometimes overlap.
Instruments available today for radiotracev studies usually have three chan-

nels available for multiple counting.
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Techniques for Beta Counting

The most porular method of measuring beta radiation in tracer
studies is liquid scintillation counting. This technique is especially
well suited for measuring the activity of the low-energy bet 1 emitters,
3H, 140, and 358, wh;ch are commonly used in biological experiments. The
method is readily instrumented for automatic counting of large numbers
of samples and can simultaneously measure three beta emitters in multiply
labelled samples. A number of reviews on liquid scintillation countiung have
been prepared and the reader is especially referred to one by Kobayaski and
Maudsley.(ll)

Sirce the range of penetration of beta particles in any mediun is
very short, a primary requirement in scintillation counting for bet. sources
is that the scintillator be in intimate contact with the radioactive source.
In 1iquid scintillation counting, the beta sou e is either dissolved or
suspended in minute particles in a solvent which contains a scintilla
which is also in solution. Typically, the solvent is toluene and co. “¢
a primary scintillatcr such as 2,5~-diphenyloxazol (PPO) and a secondary
scintillator such as 1,4-bis-(5-phenyloxazol-2-yl)-benzene (POPOP). Also,
since the rvadioactive sample may not be stable in the organic solvent, a
solubilizing or dispersing agent can be added to the solution. The second-
ary scintiliator absorbs the light emitted v the primary scintillator and
reemits it at a longer wavelength at which the photocells are more sensitive.

In a typical liquid scintillation counter, the sample is placed in
a cylindrical nlass vial of 10 to 20 ml approximate volume. The vial is
then placed in a light-tight semple well between two photomultipiier tubes.
Because of the high gain required for low-energy beta emitters, background
from the photomultiplier is a problem. This background noise can be
reduced by cooling the photomultipliers and by the use of twuv photomulti-
pliers. The background noise can be distinguished between a scintillation
ariging from a beta particle by the coincident unit. In a practical sense,
this means that many scintillation counters must operate at low temperatures
and thus must have a refrigeration unit. Recent developme.ts in photomulti-

plier electronics have led to liquid scintillation systems that can cperate
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at room temperature. One of the problems with liquid scintillation count-
ing ie that the scintillators require an orgar.. solvent for effective
functioning. If the compound containing the radiolabel is not soluble in
the organic solvent, a secondary solvent such as methanol or dio-.ane can

be added. However, at higher concen. . ations of the seconci.y solvents,

the efficiency of counting can be lowered. The elements of a scintillation

counter are shown below.

Sample solution L
r‘- Light tight chambes

Photomultiplier tube | -N\A G/—- Photomultiplier tube 2

Pulse summation

f

Amplifier

Pulse height analyser

Coincidence unit

Scaler

FIGURE 17. SCHEMATIC DIAGRAM OF LIQUID SCINTILTATION COUNTER
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The major source of error in liquid scintillation counting systems
is the quenching of the scintillaticua by the solution. Quenching is caused
by molecules having strongly electronegative elements, such as water, ketones,
and organic halides, which collide with scintillators and remove excitation
energy. For accurate counting, the quenching of the scintillation solution
must be evaluated. This can be done by aan internal standard method in which
a labelled compound of known activity is added to the sample and the counts
per minute determined. A second method by which quenching is determined is
by an external standard method. In this case. an exr--nal source of gamma
rays can be used to introduce electrons into the scintillation mixture.

This method can be automated so that the extrenal standard is removed from
its shield and positioned near the vial at the appropriate time in the
counting schedule. Many of the commercially available liquid scintillation
counting systems have an automated external standardization method as part
of their integral system.

The efficiencies commonly obtaired in liquid scintillation counting
for lI'C are as high as 90 percent., For tritium, efficiencies range from 30
to 50 percent. Another source of error which can occur in liquid scintilla-
tion counting, particularly in low-energy emitters such as tritium, is
fluorescence and phorphorescence of the vial. To avoid this, the sample
vials must be dark adapted for a few hours before counting.

The scintillation counting process described above is, of course,
a discrete sample method of analysis and is not useful for a flowcéll.
Monitoring the activity of a beta source in a flowing liquid stream is dif-~
ficult because of the extremely low penetration of the beta particles.
Systems have been devised utilizing solid scintillation detectors in a
number of different configurations. In one configuration, as shown on the
next page, the walls of the flow cell chamber are coated with a solid scin-
tillator such as naphthalene. In this case, the flow cell must be extremely
thin to eliminate beta adsorption by the volume of solution. Even under the
test of conditions, the efficiency of such a system is very low (less than 1

percent).
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Solution from separation device
‘ Photomultiplier tube ; IPho'omultiplier tube
Flow cell wall Column packed
incorporating with particulate Ny —
solid scintillator scintillator

FIGURE 18. FLOW CELLS FOR DETECTION OF BETA EMITTERS

In a second configuration, the flow cell can be packed with parti-
culate matter containing a solid scintillator such as naphthalene inter-
mixed with a polymer such as polymethylmethacrylate. The solution then
flows through the inters ices of the particulate matter which gives off
scintillation detected by a photocell. Again in this configuration, the
efficiency is quite low and this system can be used for relatively high
amounts of radioactivity.

A flow cell with higher efficiency has been devised by Mechanicglz)
In this system, the effluent from a separation device is mixed with the
organic solvent scintillation cocktail and the mixture is flowed directly
into the well of a liquid scintillation detector. Even with the higher
efficiency reported by this method, a relatively large amount of radio-
activity is essential because the resident time in the counter is much
shorter than is desirable.

The third mode of detector configuration of interest to the NASA
program, i.e., detection within the separation cell itself, is not practi-
cal with beta emitters because of the low penetration of beta particles.
The water phase used as a medium in the separation devices would in itself
absorb most of the beta radiation contained in the sample. Second, the
walls of the device would absorb any radiation reaching them. One possible
way of detection of beta at very low efficiencies within a separation cell

would be to coat the inner walls of the device with a solid scintillator
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responsive to beta radiation. Such a detector could respond to beta
emitters in the fluid immediately next to the wall and with high levels
of radioactivity could be used to detect concentration zones within the
separation cells.

The discrete concentration zones of beta emitters can be detected
in paper and thin-layer chromatographs and in paper or cellulose acetate
electrophoretograms. A number of comrercial instruments are available for

this purpose and operate on the principle shown below.

Sample contgining various zones
\==:=n_n_.==- » Sample traverses over slit

~— —— Collimator slit

LJ—- Gas flow proportionol counter

— =

Amplifier  Pulse aeight  Recorder
analyser

FIGURE 19. RADIOCHROMATOGRAPH SCANNERS FOR BETA EMITTERS

The sample passes over a collimator slit and radiation is detected
in a glass gas-flow proportional counter. The detection cell utilizes a
mixture of 90 percent argon and 10 percent methane for proportional counting.
It should be emphasized that this method of counting works only with very
thin samples and is not efficient for thicker samples such a:z gel electro-
phoretagrams. To obtain maximum efficiency, it is necessarv to have the
slit as close as possible to the surface of the sample. The resolution of
the device 1s, of course, determined by the width of the slit npening.

An alternative for locating concentration zones on a chromatograph
or electrophoresis strip is autoradiography. 1In this system, a silver halide
photographic plate is laid directly on the chromatograph and developed after
a predetermined exposure period. The photographic plate can then be scanned
densitometrically to get a quantitative determination of the amount of beta
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emitter present in the various zones of the sample. A disadvantage of this
method is the amount of time required. Often exposures of several weeks, and
even wonths, are required with small amounts of radioactivity.

An alternative to the autoradiographic technique is a device
called a beta camera. This device is described in a paper by Smith, et alg13)
This scanner produces a photograph in approximately 10 minutes and is thus
much more rapid than the autoradiographic technique. The system consists of
a spark chamber which lies directly above a chromatogram or electrophoresis
strip and a camera mounted above the spark chamber. In the spark chamber is
an electrode grid consisting of an anode and cathode. A radioactive disin-
tegration causes a spark to jump the electrode gap. The sparks are then
recorded on the photographic film by a time exposure. Exposure timing can
vary from 5 seconds up to 1 hour, depending upon the amount of radioactivity
present. After development of the film, the position and amounts of the
radioactive substances can be quantitated by standard densitometric tech-
niques. The spark chamber is flushed with a mixture of 10 percent methane
in argon and is sensitive to low-energy beta up to gamma emitters. Resolu-
tion in the system, of course, depends upon the spacing of the electrode
grid. Commercially available beta cameras are made by Baird Atomic and

Picker, and an aralysis of their performance is included in this report.

Camera

Gas inlet
Power supply f

[ Electrode grid \- Chromatogram

FIGURE 20. SPARK CHAMBER BETA CAMERA
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Techniques for Gamma Counting

Gamma radiation can be detected by a variety of techniques such
as gas proportional, thermoluminescence, and scintillation detectors. At
present, the most widely used method is scintillation detection with a
sodium fodide crystal dcped with tantalum [NaI(TL)]. Sodium iodide crystals
of high uniformity éan be grown to very large sizes, and this factor
accounts for the wide use of the scintillation method. These crystals have
a good intrinsic efficiency and provide pulses with heights proportional to
the emitted energy over a wide range of gamma-ray energies.

In practice, the sodium iodide crystal is coupled optically with
a photomultiplier tube and a similar type of electronics can then be util-
ized for analyzing the output as is used in beta scintillation techniques.
For discrete sample znalyses, one of the most frequently used configurations

is the well-type scintillation deftector which is shown below.

r—Sompw
Light tight
shieid

\ V
% Nal(T£) crystal with hole in center
7
- Optically coupled photomultiplier
y
Amplifier Muitichannel analyser

FIGURE 21. CAMMA SCINTILLATION DETECTOR
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In this detector, a hole is drilled axially in the center of a
rodiun iodide crystal and the sample placed in the hole. This configuration
supp’ies excellent geometry and results in good counting efficiency. A
photomultiplier tube is coupled optically with the crystal and the system
is cenclosed in a light-tight box. Cylindrical crystals of sodium iodide
are available in a wide range of diameters and thicknesses and have been
made as large as 76 cm in diameter. Crystals 7.6 x 7.6 cm have now
become the standard size used in a great many gamma-ray scintillation detector
systems. A crystal of this size with a hole drilled axially is suitable for
samples having a volume of 1:5 ml.

The efficiency of the sodium iodide detector depends upon its
ability to intercept the gamma rays emitted by the sample. The higher
the energv of the gamma radiation, the less efficient will the sodium
iodide crystal be. Efficiencies of course can be improved by enlarging
the size of the crystal. Because of weight, size, and cost considerations,
crystals larger than 8 to 10 cm are not commoniv used.

Semiconductor detectors such as lithium-drifted germanium and
silicon types have much becter resolution than sodium iodide detectors.
However, their efficiency is less than sodium iodide and they must usually
be cooled with liquid nitrogen. Thus, unless extremely high resolution of
gamma ray spectra is desired, sodium iodide scintillation techniques are the
method of choice. One of the disadvantages of the sodium iodide crystal
detector is the fact that it is highly hygroscopic and must he carefully

protected from moisture.
Flow cells for measurement of gamma radiation are not subject to

the limitations of beta emitters because of the high penetration of gamma
particles. Therefore, a number of flow gamma detectors are commercially

available. The configuration of these detectors can vary widely, and one
of the rost common configurations is pictured on the next page.

A sodium jodide crystal with a hole drilled through the center is
utilized as the scintillator in this configuration. The sample from the
separation device flows through the center of the crystal and the scintilla-
tions are detected by an optically coupled photomultiplie- tube. Care must
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Photomultiplier —\
Multichannel analyser

_
/

IR |

B 7

/

[ Nal (TL) crystal with hole drilied through center

Sample from
separation device

™—Light tight shield

FIGURE 22. FLOW CELL FOR DETECTION OF GAMMA RADIATION

be taken with this system to exclude any stray light which may enter from
the outside. Detectors of this typz can have reasonably good counting
efficiencies but fairly high activities are usually necessary because of
the short residence time of the radicemitter within the scintillation area.
As an glternative to the axially drilled sodium iodide crystal, the crystal
may be placed to one side of the effluent stream from the separation device.
In this configuration, of course, the efficiency is less because of the
poorer geometry of the detectors. Gamma-detecting probes utilizing sodium
iodide crystals in photomultipliers are available from a wide number of
manufacturers. For specialized applications in gamma detection, scintilia-
tion detection probes employing sodium iodide crystals and photomultipliers
can be developed according to the user's specifications. Crystals of all
sizes and shapes can be purchased from the Harshaw Chemical Company in
Cleveland, Ohio.

The high penetration of gamma rays makes possible the detection
of mass concentration zones within the separation device itself. Ability to
do this, however, is contingent upon there being sufficient levels of radio-
activity within the concentration zones of the separation device. Scanners
are commercially available for detection of concentration zones in chromato-
graph and electrophoretagrams from Packard Instrument Co., Inc., Downers

Grove, Illinois.
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In order to obtain resolution with a gamma-ray scanning appara-
tus, a collimator must be used which reduces significantly the subtended
angle of radiation. As a result, the geometry of a gamma-ray scanner is
very poor and this produces quite low efficiency (less than 1 percent).
Thus, relatively high amounts of radioactivity must be present within the

separation device in order to obtain sufficient activity for a gamma =can.

Radioisotopic Labelling Procedures

As mentioned previously, biologically derived molecules have no
intrinsic radioactivity and thus employment of radiotracer techniques is
dependent upon the incorporation of radiolabels. For small molecules, a
very large nunber of isotopically labelled compounds can be purchased from
supply houses such as New England Nuclear, Searle-Amersham, International
Chemical and Nuclear Corporation, and Schwarz Bioresearch Corporation.

A very large varietv of labelled compounds with beta emitters,
such as 140, 3H, 358 , and 32P, can be obtained. Compounds which can be
purchased commercially include amino acids, vitaming, metabolites, carbohy-
drates, nucleosides, nucleotides, a large number of proteins, and polynucleo-
tides. Beta-labelled proteins and polynucleotides are usually obtained from
microorganisms or mammalian cells which have been cultured in media containing
radiolabelled amino acids and nucleotides. If the protein or polynucleotide
cannot be conveniently cbtained from a culture, these may be diractly
labelled by a variety of compounds which contain functional groups capable
of reacting with pendant groups. For example, proteins can be labelled with
3H or 14C compounds which contain isothiocyanate, diazo, activated carbonyl,
and sulfhydryl groups.

Compounds labelled with gamma emitters are not nearly as numerous
as beta emitters because very few of the elements contained in biologically
derived compounds have isotopes which are gamma emitters. The most frequently

131 125 51
I,

used labels for biological compounds are I, and ""Cr. Labelling of

proteins with iodine can be accomplished in a straight forward process by a



+ et

112

technique devised by Hunter and Greenwoodsla) In this method, the protein

is incubated with sodium 1311 and a small amount of a mild oxidizing agent
is added to produce molecular iodine. The iodine then reacts with tyrosyl
residues in the protein to form a covalent bond. In this process, care
must be taken to avoid damaging the function of the protein by excess oxi-
dizing agents and/or overreaction with iodine. In addition to proteins,
many other compounds>can be labelled by simply reacting them with tyrosine
if the appropriate amine or carboxyl groups are available. After the tyro-
sine adduct is formed, the iodination can be performed as described above.

Iodine labelling of cells and compounds can also be indirectly
obtained by attaching an antibody to a particular cell or given hapten.
Radiolabelling is then accomplished by the association of the antibody with
its antigen.

One of the most convenient and effective methods of labelling
intact cells is through the utilization of 51Cr. Viable cells of a wide
variety of types can be radiolabelled by simple incubation with chromate
(SICr). The exact site of labelling or the mechanism of labelling is not
known but data accumulated over the years indicate that the chromate enters
the cell and becomes very tightly bound. Chromium labelling is the standard
method utilized to determine the lifetime of red blood cells and platelets
because of the irreversability of binding and the fact that the method allows
the cells to remain completely viable. In addition to red cells, lymphocytes
have been labelled with 51Cr and used in subsequent studies of lymphocyte

function.(ls)

Chromium labelling of cells allows a fairly high specific
activity to be attained and thus minute quantities of cells can be readily
detected by this method. This technique is utilized in Battelle's Columbus
Laboratories on lymphocytes, and we regularly obtain activities of 5000 cpm/lO5
cell.

It should be noted that in any labelling experiment, one should take
care to avoid incorporation of excessive amounts of radiolabel into compounds
or cells. A very high amount of radioactivity incorporated into a compound
can result in self-absorption and thus self-destruction of that compound.

Thus, the results of the radiotracer experiment can be invalidated.

T T o AR R
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App.ication of Radioisotope Labelling to Determine Position of

Cells in Electrophoresis Device. During the course of this research pro-

gram, one of the questions asked us by NASA was related to the detection

of separated bands of cells within a cylindrical electrophoresis tube.

The frozen tube, which is approximately 18 cm in length and 1 cm in
diameter, will be placed in an electrophoresis device during a space flight

and suspensions of various types of cells will be elactrophoresed during

the flight. After each run, the buffer and cells in each tube will be frozen

and maintained in a frozen state during the transport back to earth. The
cylinder of ice will then be sectioned in such a way that discrete bands of
cells can be contained within the sections. This necessitates a method of
detection of the band of cells.

We suggest that radioisotopic labelling of the cells with 51Cr
would provide a gocd method of locating the various bands in the ice plug.
For example, lymphocytes could be radiolabelled with 51Cr to obtain an
activity of 5000 cpm/lO5 cells. Assuming 70 percent counting efficiency,

2 uCi/lO6 cells, We understand that the electro-

this amounts to 32 x 10
phoresis cell will contain approximately 107 to 109 cells. This would con-
stitute a range of 0.32 to 32 pCi and would provide enough radioactivity
for detection by a collimation device according to the calculations shown

below.

Circumferential area of slit 1.1 cm2

Area of radiation sphere 38.9 cm2

3%4% x 100 = -.9 percent

For purposes of this calculation, we have assumed that the detec-
tion system should be able to resolve a bend 1 mm in width. This could be
done by use of a sodium iodide crystal optically coupled with a photocell.
A suggested configuration is shown on the next page. The suggested config-
uration consists of a cylindrical sodium iodide crystal with an axial hole
throughout the entire length of the crystal. Concentric with the crystal is

A A ANA A BBt = e R e N
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Plug traverses slit

le—-- Frozen plug containing various
zones of cell

Lead shielding
' Nal(TL) crystal

Y
%

|

Collimator slit

SRR
%

e——QOptically coupled
photomultiplier

FIGURE 23a. CRO3S-SECTION VIEW OF DETECTOR
FOR CELLS IN FROZEN PLUG

\Nol (T£) cylindrical crystal Photomultiplier

Lead shielding

U )

\

Frozen plug in thin plastic sheath

Traversing drive mechanism will slowly pass
over collimator slit

FIGURE 23b. SKETCH OF DETECTCR
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a cylindrical lead shield which contains a radial slit around its entire
circumference which serves as a collimator. The frozen plug fits inside
the lead shield and traverses sxially past the collimatcr slit. For pur-
poses of this discussion, we have assumed that a slit width of 1 mm would
provide sufficient resolution. This, of course, could be narrowed with
resulting loss of counter efficiency. Optically coupled to the end of the
sodium iodide crystal is a photomultiplier tube.

A series of rough calculations were made on the thickness of the
lead shielding which would be required to obtain distinct peaks in the
collimator. Ideally, the sodium iodide crystal should be ver; short in the
axial direction to eliminate background noise from gamma-emitting cells not
in frontof the slit. For this calculation, we have assumed that the shield
should attenuate the gamma particles by a factor of 100:1. Using the mass
attenuation coefficient of lead which is 0,32 cmz/g, the thickness of lead
required to attenuate 99 percent of the emission is 1.26 cm. If the diameter
of the plug is 1 cm, then the cylinder of lead would be 3.5 cm in its outer
diameter. Thus, a sodium iodide crystal 7.6 cm in diameter (which is a
standard size) could serve well for this function.

The expected efficiency of such a system as depicted above can be
calculated roughly from the geometry. If the lead cylinder is 3.5 c¢m in
diameter and the collimator slit is 1 mm, the calculated efficiency is 2.9
percent,

As stated above, the level of labelling which one can obtein with

’1 2 uCi/lO6 cell. If the frozen plug traverses

Cr is in the range of 3.2 x 10
past the slit at a rate of 1 mm/10 sec., then the average residence time for a
band of cells 1 mm wide will be 10 seconds. The calculated total counts which
could be obtained in a 10-second period are 345. These 345 counts would be
approximately 15 times greater than the background. Thus, one would antici-
pate that this system would provide indication of concentration zones of cells.
The configuration suggested may not be ideal and thicker lead shielding may be
required to obtain sharp peaks. In addition, it may be desirable to place the
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godium iodide crystal in just one side of the frozen colurm rather than
having it surround the column. Because of the versatility and sizes and
shapes available in sodium iodide crystals, a large number of configura-
tions would be possible.

It should be noted that the detector system chown could be con-

tained in a refrigeration urit to meintain it at a sufficientiy low

temperature to enable the plug *to remain in a frozan eta It may be
desirable to allow the drive train of the traversing mec. .m to be placed
outside of the use temperature zone. However, the sodiun le crystal and

the photocell are capable of operating at a low temperature.

Ultrasonic Analysis

Detection and measurement systems based upon ultrasound can best
be viewed as analogs of light~based systems. Ultrasound is defined as sonic
vibration at frequencies greater than 20,000 Hz. With ultrasound, the
transmitting beam consists of sound waves rather than light waves. Sound
waves can be focused, reflected, adsorbed, and detected by methods analo~
gous to that in optical systems. In addition, sound waves can form inter-
ference patterns, and this property can be useful in analytical systems.
Several different modes of ultrasound analysis can be used, and among these
are reflective ultrasound, acoustic holography, and ultrasonic absorption.

The uses of ultrasound in medical diagnosis are currently expand-
ing very rapidly. In these applications, ultrasound is generated by a pie-~
zoelectric transducer incorporated into a probe (see illustration on next
page). Piezoelectric materials vibrate at high frequencies when a pulse of
electricity is applied. The ultrasound then travels through the body and

is reflected by interfaces between tissues with different acoustic properties.

The reflected sound returns to the transducer which also serves as a detector

during the time when it i{s not transmitting. Vibrations are then converted to

electrical signals which can be processed and converied into an image. The

time required for the reflected sound to return to the transducer depends upon

the distance between the intarface and the transducer and the properties of
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FIGURE 24. UVLTRASONTC SCANNING SYSTEM

the structure through which it passes. Ultrasound is currently used in
obstetrics and gynecology and in cardiology. Many applicatioas are now under
development, and these include locating tumors and differentiating between
benign and malignant growth.

Of considerable interest also are developments of ultrasonic tech-
niques for measuring blood flow through arteries to diagnose atherosclerotic
plaques.

Acoustic holography, which is analogous to optical holography, is
a method of extracting information in three dimensions from sound waves.

An interference pattern is generated between a reference beam of ultrasound
and the beam reflected from the sample. From the interference pattern, an
image can be reconstructed.

The absorption of c¢ltrasound can be used to detec. and character-

(16)

ize biologically derived macromolecules in solution. Absorption of ultra-

sound which 1s analogous to ab.orption of light is proportional to the con-
centration of biological macromulecules such as proteins and polynucleic acids.
The absorptlon characteristics of the ultrasound are also a function of the

orientation of the macromolecules as well as the concentration. For practical

B o atd
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purposes of detection, however, ultrasound is not currently of value be-
cause of the concentrations necessarv for a detectable signal are very high
and thus the method has very low sensitivity.

In our literature search for applications of ultrasonics for par-
ticle detection, one article was uncosered in which impurities in fluids and

an This article describes the use of

gases were monitored by ultrasound.
an ultrasonic particle counter manufactured by Sperry Corporation. The
device was used to detect particulate matter in gas streams and in fluids
such as liquid oxygen and hydraulic fluid. The ultrasonic particle counter
was based on t*2» phenomenon that solid particles in the fluid reflect the
ultrasonic beam back to the source with the amplitude of the reflection
being dependcut upon the size of the particle. At the time of the writing,
the authcrs reported that reliable counts could be made only with particles
over 25 p in size. Thus, this technique does not currently have relevance

to the objectives of the NASA program.

Multiparameter Cell Analysis Systems

Considerable progress has been made in the field of multiparameter
cell analysis in the last 5 years. Systems of this type simultaneously
(or sequentially) measure several different parameters of individual cells
and then correlate the assembled information to categorize each cell.
Examples of measurements which are made include light adsorption, fluores-
cence, light scattering, and electrical conductivity. Multiparameter cell
analysis systems are distinguishable from the cellular image analyzing
systems described in another portion of this report in that the latter ana-
lyze a microscopic image of individual cells.

Several different research groups around the country are working on
multiparameter cell analysis, and one of the groups in the forefront is at
Los Alamos Scientific Laboratory in Los Alamos, New Mexico. This group has
recently developed a new flow system instrument for quantitative analysis and
sorting of microscopi. particles, particularly biological cellégs)The instru-

ment has four separats modes of identification for cells. These are a Coulter

Wl _ansiaaa e s ko ate
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counter for size distribution, low-angle light scattering for size and
internal structure measurements, and two channels for fluorescence meas-
urements. The cell suspension enters a flow chamber at a rate of 3-4 yl/min.
from a pressurized reservoir. Flowing coaxially around the cell stream is

a particle~free sheath fluid flowing at 1.2 ml/min. The sample stream

flows through a volume-sensing orifice for particle counting by the standard
Coulter method. It then flows through a viewing window which is traversed
by a laser beam (0.5 watts at 488 nm). Forward light scattering is measured

at an angle of 0.07 to 2 degrees. Fluorescence is measured at right angles
to the incident laser beam and is split into two wavelength regions by a

dichroic 1interference filter. Wavelengths are measured in the green and

P age e

red fluorescence regions (520-570 nm and 620-800 nm). A diagram of the

instrument is shown below.

e— Pressurized cell reservoir
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The fluorescence system has a disadvantage in that the cells re-
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A

quire prestaining before analysis by the instrument. At present, this is
done in a batch process, but there is no reason why it could not be done in
a flow system. Cells are stained with propidium iodide for DNA quantitation

and fluoroscein isothiocyanate for protein quantitation.
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Multiparameter analysis of each individual cell as it passes
through the sensing system can provide a great deal of information which
can be used to identify and distinguish different types of cells from each
other. In essence, three different parameters are measured: cell volume,
protein, and DNA content. The electronics of the system provide gated
single-parareter techniques, such as voiume, which can be used to separate
cells into various categories. In addition, one may obtain ratios of two
different parameters which are characteristic of certain types of cells.

For example, the protein:cell volume ratio, the DNA:cell volume ratio, or

the protein:DNA ratios can be readily obtained by this instrument. Measure-
ments of this type allow white :ell differentia® counts to be made with quan-
titation of granulocytes, monocytes, and large and small lymphocytes.

A comparison of the Coulter method and the light-scattering method
for determination of cell volume was made using uniform plastic microspheres.
The results showed that for particle sizes less than 10 u; the light scatter
signal amplitude was directly proportional to the Coulter volume signal
amplitude. However, the particles larger than 10.5 i, this relationship
does not hold. The Los Alamcs group has presented several papers demonstrat-
ing the utility of this instrument in analyzing various kinds of mammalian
cells. For example, they demonstratz that two distinct classes of human

(19) Lymphocytes are stained

peripheral lymphocytes can be distinguished.
with acridine orange which results in a green fluorescence from the nucleus
and a red fluorescence from the cytoplasmic granules. The authors were able
to distinguish between large and small lymphocytes by both the volume wmeas-—
urements as well as the fluorescence ratio of these two types of cells.

A wide variety of different cell types has been examined by this
group. For example, in another recent publicationszo) mammalian cells in
suspension are passed through a flow chamber where they are lined up one at
a time where they are exposed to the argon laser. As each cell crosses the
beam, it produces an optical signal which is equal in duration to the cell
transit time across the beam. The focus can be detected, amplified, and

analyzed by techniques similar to those in gamma-ray spectroscopy. The rate



) 121

T L RPN AN T, 1

 oeen I o B L I

of flow through the chamber is typically a.i a rate of 5 x 104 cells/miu.
The use of the laser in the system permiis simplified optics since the

beam is about 1 mm in diameter and has a very small divergence aagle.

This rermits scattering measurements to be made at very small angles from
the optical axis. As described before, the instrument measures cell volume
by a Coulter system and by scattered light and has two channels for optical
fluorescence. Electrical signals produced by the detectors are amplified
and processed by a multichannel pulse analyzer to yield a frequency dis-
tribution histogram of the parameter under study.

Light-scattering techniques have considerable potential for dis-
tinguishing and identifying different types of cells. The work of Wyatt(21’22)
gives theoretical and experimental evidence that various types of bacteria
can be identified by light-scattering patterns. The cell can be regarded as
a sphere immersed in a water-like medium. A typical cell with a diameter of
around 10 u and a refractive jndex relative to water of 1.03 to 1.05 can
be used as a model. Scattering from such a cell can be considered to be
composed of contributions from first-order Fraunhofer diffraction, trans-
mission with refraction, and external reflections. Each reflection is inde-
pendent of the refractive index and depends only on the gross silhouette of
the cell. More than 80 percent of the diffracted light is contained within
the main forward lobe which terminates at an argle of approximately 3.5
degrees. Thus, measurements in this angular range should reflect gross
cellular size. The theory was confirmed with experiments in a paper pub-
lished in 1972(23) using high-speed UV-sensitive film as the fluorescence
detector.

The authors also discussed future applications and indicare that
they are now working on a system which can take measurements at several dif-
ferent angles of the intensity of scattered light. They also intend to pur-
sue adsorption of UV light by individual cells using UV lasers at appropriate
wavelengths. In the area of fluorescence measurements, they intend to use an
optical system which permits some spectroanalysis of the fluorescence emis-

sion. They also intend to explore excitation within 1 wavelength.
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Future work is also planned with a host of different labelled
antibodies which attach to different components of the cell, and thus can
provide a distinctive and unique characterization of that particular cell.

We supplemented our literature review on this topic by a visit
to Los Alamos Scientific Laboratory and by several subsequent telc hou.
conversations. In a recent uiscussion with this laboratory, we requested
information on light-scattering systems for cell characteriz:_.ou which did
not require cell staining. The Los Alamos groiu; has just pcblished two
papers(ZA’zs) on a system for differential white cell count which involved
no staining and was entirely dependent upon ligi:t scat_ering. This system
is able to detect lymphocytes, monocytes, neutrophils, and eosinophils and
does sc by measuring size and shape of the nucleus for these cells. This
can be done by measuring light scattering at just two angles in the forward
scattering mode. Scattered light is detected with a hemispherical array of
light-sensitive diodes which are manufactured by Recognition Systems, “nc.
The diodes are arrayed in concentric rings insid: a b“emisphere of 3¢ mm
diameter and are capable of picking up light scartering from zerc to 75
degrees. A diagram of the system is shown on the next pace

This system can utilize a very low ene.pgy teliumneon laser (2 mw).
For the analysis of any particular type of cells, on: would first determine
the optimal characteristic angles for light scatte.irg betwzen zero and 90
degrees. In addition to leukocytes, Los Alamos i+ also working on cells
from PAP smears and is just beginning work on distinguishing T and B lymph-
ocytes. Preliminary evidence indicates that there are several chziges in
the structure and cell surface of T and B lymphocytes which would enable
them to be distinguished by light-scattering techniques.

Since this system counts cells one at a time as they pass thipugh
the laser beam, very dilute suspensions of cells are required. For purposes
of analysis in space, only a small fraction of the output of a separation
device would be needed for analysis. One should also point out that the
wavelength of the laser is 622 nm and that any features of the cell smaller
than this size would probably not be detectable by the light-scattering tech-
nique.

It should also be emphasized that the lasers used in these systems are
of relatively low power and do not damage the cells. In a number of instances,

the viability of the cells after analysis has been demonstrated.

— e
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Another sophisticated multiparameter cell-counting and differen-
tiating device is manufactured by Technicon Instruments Corpnration. The
principles of operation and performance of this device have been recently

(26) This system, designated

described in a paper by Mansberg and co~workers.
the Hemalog D, uses 0.4 ml of whole blood which is stained by an automated
continuous-flow staining technique. The system can process a new sample
each minute. Classification of the white cells is done through the optical
methods of light scattering and light adsorption at appropriate wavelengths.
The cells are sized by light scattering. Specific chemical reactions pecu-
liar to each individual type of cell are used to differentiate the cells
with 1light adsorption. Beta cells are stained with Alcian Blue. Monocytes
exhibit an esterase activity which hydrolyzes a-naphthol butyrate. The
o-naphthol is subsequently coupled with hexazonium pararosanilin. Lympho-
cytes and large mononuclear cells remained unstained in a peroxidase stain-
ing system and eosinophils stain very strongly. This system is capable of
classifying 10,000 cells in less than 1 minute.

The system uses a single tungsten~halogen lamp which acts as a
common light source for three individual optical systems. In two of the
channels, a beam splitter divides the light collected from the flow celil
for simultaneous measurement of dark-field forward-scattered light and full
aperture light loss due tu absorption by the stain of the cells. In the
third channel, the interference beam is split into red and green spectral com
ponents to improve the signal:noire ratio.

It should be ewphasized that the primary purpose cf this instrument
is to perform large numbers of differential white cell counts with high
efficicney in a clinical laboratory. For purposes of the NASA program on
particle separation in space, the primary objective is not the analysis of
large numbers of samples over a short time period. However, the principles
involved and the sensitivity of this instrument could be used to good advan-
tage in evaluating separated cells because of its sensitivity to subtle dif-

ferences in cell types.
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Automated Image Analysis

In the last 5 years, dramatic advances have been made in the
field of automated image analysis systems. Such systems will automatically
scan, identify, quantitate, and/or differentiate selected elements present
in a given optical field. The uses of image-analyzing and enhancemert tech-
niques are widespread and range from routine analysis of blood samples to
analysis of photographs taken in space. A detailed explanation of image-
analyzing and enhancement processes is beyond the scope of this report.
Nevertheless, we shall describe a few of the instruments and techniques
available which are relevant to the objectives of the NASA program.

Imaging processing systems can be broadly divided into two cate-
gories: (1) systems which automatically analyze given elements present in
an optical field and categorize them with respect to density, size, shape,
frequency, etc., and (2) image enhancement systems which process the image
to make features distinguishable which were previously not detectatle by
visual observation. Several approaches to image enhancement are under devel-
opment and of these, three are of most importance to this report. One
approach is called coherent optical processing and makes use of the fact that
coherent light of the laser can be sorted out readily into its spatial fre-
quencies. Another approach is called digitz! processing and is based upon
the manipulations by digital computer of a mathematical representation of the
image. A third process converts an image to analog electrical signals and
applies mathematical principles of enhancement and detection to these elec-
trical analogs.

A number of image processing systems were reviewed in the course
of this program and representatives of these are discussed below. The first
class of devices are automated differential leukocyte classifiers. These are
highly specialized image analysis systems and include methods for preparing
and staining leukocytes as well as their analysis. A typical exzmple of an
instrument of this type is the Hematrak produced by Geometric Data Corporationm.

| YOS NCTRI
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This device is a computerized electrooptical system which scans Wright-
stained blood smears and was developed primarily fer screening use in
clinical hematology. It atilizes an advanced principle of pattern recog-
nition and performs high-speed morphological analysis of nuclear shape,
chromatin patterns, cytoplasm:nuclaar ratio, and color of granules.
Acceptable information on each .f these features is included in the com-
puter memory of the device. When an abnormal cell is detected, the
scanner is designed to stiop, permitting the technologist to interpret
visually. The output of the instrument is a small card which logs the per-

centages of the ceils in the various leukocyte populations.

Another such device is the Leukocyte Automatic Recognition Computer
(LARdR5 which is produced by the Corning Glass Works. This device automatic-
ally differentiates leukocytes from a peripheral blood smear stained by a
Romanowski -type stain. The features used in the discrimination are nuclear
shape, nuclear size, cytoplasm s’ -e, cytoplasu color, and nuclear density.
A pierpheral blood smear is placed in a microscope and the microscope image
is theu focused on a television camera. The system is based on a doctoral

thesis by Bacus.(27)

A cell is analyzed by placing it in the center of the
optical field. The television tube converts the optical image to a digitized
electrical signal aand the image is thus entered into the computer memory as

a 50 x 50 point array. The image points are then histogrammed according to
their optical density value.

An image-analyzing system with more versatility is the Omnicon‘B
built by Bausch and Lomb. This system analyzes images from any number of
sources such as optical microscopes, metallographs, electron microprobes,
electron microscopes, photographs, micrographs, opaque prints, transpar-
encies, and even gross specimens. The system operates by focusing the
optical image on a Vidicon tube which then trunsforms the optical signal
into a digitized electronic signal. The system cun perform 23 direct meas-
urements with images thus received. It can measure individual featuvres or

all the features in the field of measurement. Results can be printed out in
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numerical form as histograms or in several other formats. For example,
the area, projected length, longest dimension, or any selected feature can
be measured. The device can also perform particle counts of discrete par-
ticles in a particular field of measurement.

Another system of this type is the Quantimeégz manufactuied by
Image Analyzing Computers, Ltd. In this system, an image focused on a
720-1ine Vidicon scanner selects features for measurement in terms of their
common gray level characteristics. The scanner output can also be coupled
with a microdensitometer which assesses the optical density at each point in
a feature and computes its integrated intensity. The scanning system is
capable of detecting more than 30 separate gray levels to better than 1 per-
cent accuracy over the entire field of view. Inputs to the device include
photographic prints, plates, negatives, and cine film, as weil as optical
and electron microscopes. The basic measurements performed by the device
are particle counting, area length and perimeter measurements, form factors,
and optical density.

More sophisticated image processing computer systems are capable
of enhancing and clarifying images to bring out details not discernible
visually. Such a system is the Datacolor Image Enhancement System developed
by Spatial Data Systems. 7This system analyzes films from photographs, radio-
graphs, micrographs, and other sources and measures information not apparent
to the naked eye. One of the techniques utilized is edge enhancement, which
makes fine lines in a. image much more distinct for visual analysis. Edge
enhancement operates by producing a black line on the display when a normal
image changes from white to black. Conversely, a white line is produced
when a normal Jmage changes from black to white. The width of the enhanced
lines is adjustable from narrow to very thick for maximum visibility cf fine
details.

(R

A second method of image enhancement involves a technique known as
color enhancement. In this process, the photographic density is electronic-

ally analyzed and classified into as many as 32 discrete levels. Each level

S g eh

is then assigned a unique color which makes it visually distinguishable from
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the others. Borders between the colors indicate density contours. The
operator may adjust the color enhancement to achieve visual effects that
are best suited for a particular analysis. Colors can be switched in and
out of the picture. The system may also be used as a densitometer. Color
contours are then calibrated for quantitative measurement of film density
which is read directly in terms of display color. This process may be of
value to the forthcoming experiments on electrophoresis to be conducced by
NASA. A photographic image of the electrophoresis tube may not reveal
bands to the naked eye. However, analysis by an image enhancement system
such as edge enhancement or color enhancement ms,; make these <ones discern-
ible. The Spatial Data System also can provide a graphic dfsplay of the
film density values along a vertical cross-section of thz picture and thus
can act as a microdensitometer.

Another image analyzing system which emhances details in an image
is manufactured by Rank Precision Instruments. This system operates on a

different principle than the ones discussed above, as shown in the fcllowing

Transform lens [( Image lens
e |
V V
Laser .
image transparency Filter Reconstructed image

FIGURE 27, TIMAGE ENHANCEMENT SYSTEM

diagram.

The transparency is illuminated by coherent light from a laser.
The light passing through the transparency is diffracted by the structure
of the image and produces # Fourier transform. In this plane, certain

transform spots can be masked off by the filter so that the reconstructed

L
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image contains only those spatial characteristics which are allowed through
the filter. One of the advantages of this image analyzer is that it can
separate random features from a background of a regularly repeated pattern.
This has many applications in biology, particularly looking at the ultra-
structure of cells. The output of the system is a television monitor or a

photograph of the reconstructed image.

Particle~-Counting Techniques

The detection methods discussed in the previous section are capable
of deriving a considerable amount of information by combination of several
different measurements. These methods can be of great value in detecting and
analyzing complex mixtures of particles. In many cases, however, the amount
of information obtainable by multiparameter analysis is not necessary and
simpler methods would suffice. In this section, devices which automatically
count and size particles will be described.

Two basic techniques of automated particle counting are currently
in use. The first of these is the optical method which utilizes the adsorp-
tion or scattering of light resulting from a particle intercepting a light
beam. The second method, electroconduction, detects and counts cells by meas-
uring the change in electrical conductance which occurs when a particle
passes between two electrodes. This report has already described in some
detail the principles of particulate analysis by light scattering. A review of

particle-counting techn. - ues written t Ma1sberg‘la)

provides a more detailed
discussion of this top .. Consequently, this section will deal primariiy with
the principle of electroconduction.

In the electroconductive technique, the sensing system consists of
a small orifice through which the fluid containing the particles passes (see
diagram on next page). On either side cf the orifice electrodes are placed
and a potential is applied across the electrodes. The particles are sus-

pended in an electrolyte which is a good conductor. As an individual particle
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FIGURE 28, PRINCIPLE OF PARTICLE COUNTING
BY ELECTROCONDUCTANCE

passes through the orifice, the cross-sectional area of the conducting
fluid is reduced by the particle. Since the particles are not conductors,
the conductivity is reduced in proportion to the volume of the particle.

In a practical sense, this condition holds if the size of the orifice is

in correct proportion to the size of the particles. Consequently, devices
of this type have a range of orifice sizes which can be changed in response
to the size ranges of particles being counted. In the operation of the
counter, particles pass through the orifice a- a high rate of speed. Because
of the random distribution of the particles in the suspension, it is highly
improbable that all of the particles will pass through the orifice one at a
time. Some of the particles will pass through the sensing volume in pairs
or even in greater number and a coincidence error will result. The coinci-

dence error can be reduced theoretically by reducing the concentration of
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particles in suspension, but this can rcsult in a higher background co.at
due to dust particles in the diluent. Another method of reducing coinei-
dence is by reducing the volume of the orifice, but there are practical
limits to this approach.

Another consideration in determining the concentration ¢f particles
in the suspension is the ability of the electronic components to resolve one
signal from the next concurrent one. If too many particles pass through the
orifice in a given time period, another type of coincidence error caan result.
Typical instruments can resolve particles at a rate of 5000 particles/second.

As mentioned previously, the change in conductivity is in direct
proportion to the wvolume of ilie particle. By analyzing pulse amplitude as
particles pass throu 1\ the orifice, particle counters can discriminate be-
tween va.ious particle sizes. Particle sizes which can b« detected and
analyzed range from 0.5 to 800 u. Parti_le counters can operate in several
output modes. 1Ir one mode, the instrument can be gated at upper and lower
size limits and then count particles within that size renge. The particle
counter can also be gated to count particles in re'r 7. size ranges. Multi-
channel counters are now available which can perform a parcirle size distri-
bution analysis. For this purpose, as many as 256 channels can “2 used.

The output of the counter can be in the form of an oscilloscope display, a
photographic recording, a XY plot of number versus size, or a tape.

A practical limitation for the conductometric particle analyzer
vith respect to operation in snace is the method used to control the pressure
driving the fluid through the orifice. Currently, a mercury manometer is
used and this device would not function in a zero-g environment. A modifi-
cation of this feature would be necessary and might be accomplished +vith a
diaphragm to regulate pressure rather than a mercury columm.

Particle-counting instruments ~re commonly used for analysis of
discrete samples and as such would not interface directly with a separation
device used in the NASA program. An adaptatinsn of the device could be
developed to effect a direct interface with a separation system having sev-

eral effluent channels. This could be accomplished through the use of a
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rotary valve attached to the effluents of the separation device (see illus-
tration that follows). Rotary valves suitable for this purpose are manu-
factured by J-Z Associates, Waltham, Massachusetts. The rotary valve

could be programmed to sequentially and continuouslv sample each of the
effluents. The major portion of each effluent would be diverted to a
sample collector and only a small portion passed through the coun* : after
appropriate dilution. We have discussed this concept with the pacticle
detection group at Los Alamos, and they feel it is feasible. Care would
have to be taken to ensure that the effluents from the device have the same
buffer composition to avoid changes in conductivity from one sample to the

next.

Photographic and Microscopic Methods

A number of detection techniques described in this report utilize
photographic means as a method of recording data. For this reason, some
photographic equipment has been included in the instrument survey. The
available photographic equipment and techniques are very large in number
and are beyond the scope of this report.

A discussion of the principles of microscopic methods used in
scientific research is similarly broad and will not be presented in this

report.
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SUMMARY AND RECOMMENDATIONS

In the conduction of this research program, a large number of
analytical methods were surveyed and evaluated for their relevance to the
objective of particle detection in space. From these methods, certain
were selected for further review. In the previous sections, the principles
of these selected methods were outlined and the interface of the methods
with separation devices was described. For purposes of comparing these
methods with each other and evaluating their effectiveness, a summary
table has been prepared (Table 12). The second column of the table lists
the types of particles which can be detected according to size range. It
should be understood that the individual methods can detect particles pro-
vided certain conditions are met. For example, photometric methods will
detect only those substances which have adsorption peaks within the wave-
length of the particular range of the method. The first two entries in the
table, visible and ultraviolet photometry, refer to particles in solution
and not suspensions of cells. Microphotometric methods do exist for detecting
constituents and monitoring reactions within individual cells.

The results of the study indicate that many well-established detec-
tion techniques could be readily adapted to detect particles in space. In
addition, certain newly emerging technologies such as multiparameter partic-
ulate analysis and image analyzers may be of value in particle detection and
analysis.

As a result of this survey, we believe that the following specific
techniques would be of the most value in monitoring electrophoretic or other
types of separations in space. Most of the techniques will require some

adaptation to interface adequately with the separation device.
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(1) Visible.Absorption Photometry

A simple and convenient detector for in situ analysis could be
devised with a fiber-optic light pipe which traverses the separation cell.
The light pipes could either be arranged opposite each other with the cell
in between or could be mounted beside each other with a mirror placed on
the opposite side. With the use of high-intensity sources, the cross-
section of the light beam could be very small and thus the curvature of
the electrophoresis tube would not be a problem. The particles being
detected would, of course, have to absorb light in the visible region.

(2) Ultraviolet Photometry/Fluorescence

A simple and effective method combining UV and fluorescence(zg)

could detect the biological substances within the electrophoresis cell.

The entire cell could be illuminated with a UV source. On the other side

of the cell, a fluorescent glass plate could be mounted. A camera placed
back of the plate could then photograph the glass plate. Bands of particles
would appear on the photograph as dark bands. To accommodate this arrange-

ment, one side of the electrophoresis cell would have to be made of quartz.

(3) Fluorescence

A simple fluorescence detector employing fiber optics cculd be
constructed in a manner similar to the one described above for visible pho-
tometry. The return light pipe would be mounted at a 90° angle to the
exciting light. The particles within the separation cell would have to
exhibit fluorescence at the selected wavelengths. We would recommend that
either fluorescent antibodies or fluorescent markers (fluorescein isothio-
cyanate, dansyl isothiocyanate) be used. These compounds adsorb and emit

in the visible wavelength so quartz optics would not be necessary. Cells

[
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labelled with fluorescent antibodies can retain their viability and bio-
logical function although the electrophoretic mobility may be altered
somewhat.

(4) Light Scattering

Light-scattering techniques have particular value for in situ
detection and many configurations are possible. A narrow beam, low-power
laser would be an ideal light source since the curvature of the electro-
phoresis tube would adversely affect the beam. A traversing system could
be designed with the laser on one side and the photocell on the other. For
the highest sensitivity, a small (<5°) an,le from the incident light should

be used.

(5) Radiometric Methods

125
Labelling of the particles with the gamma-emitting isotopes, 1

and 51Cr, is strongly recommended as the basis for a radiometric detection
method. In gitu detection could be accomplished by a traversing sodium
iodide crystal mounted behind a lead shield containing a slit. Analysis of
the effluents from a separation device can also be accomplished with a scin-

tillation crystal.

(6) Multiparameter Cell Detection Systems

The multiparameter cell detection systems described previously
in this report have much potential for analysis of effluents from separation
devices. By combining the techniques of multianglz light scattering, fluor-
escence, and visible light adsorption, systems of this type are able to detect
and distinguish many different types of particle:. We recommend, therefore,
that contact be maintained with the group at Los Alamos Scientific Laboratories.

-
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L BIBLIOGRAPHY WORKSHEET
ASSAY TECHNIQUE

AUTHORS

TITLE

PUBLICATION

Vol. No. Date

SUBSTANCE DETECTION
SEPARATED METHOD

Page (8)

SUPPORTING MEDIUM

Buffer pH Temperature

DISCUSSION:



VENDOR

ASSAY TECHNIQUE

A-2

COMMERCIAL EQUIPMENT WORKSHEET

Qualitative [ |
Quantitative D

INSTRUMENT

MODEL NO.

ELECTRICAL INPUT

Hz

COST
Watts

READOUT

or
OUTPUT VOLTAGE

V  OUTPUT IMPEDANCE

EQUIPMENT SIZE ( in) ( in) ( in)
Volume m3 ( in3)
Weight _ kg ( 1b)

Ohm

Mfgr. recommends for the following classes of candidates:

Accuracy

Sensitivity

Sarple State

Concentration

Sample Size

Purity

Particle Size Range

u Resolution

RANGES:
Operating

Wavelength

nm Scan Speed

Temperature

C

Absorbance

Compatibility with

Complexity of Operation

0 .er

Spacecraft Operation

ACCESSORIES AVAILABLE (not included in basic specifications above)

Cat. No.

Nomenclature

Size, 4n. y

iWeight,

Add'1l

1b. Watts Cost
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f A-3
USER INFORMATION

FORM

Equipment Nomenclature

Model No.

Manufacturer

User's Name

Phone

Co. or Univ. Affiliation

€ )

Address

City State

Zip

(1) How is equipment used? (application)

(2) How long has present equipment been in use?

(3) Reliability:
Needs minor adjustment - Rarely

Replacement parts
required - Rarely

Reproducibility of
results - Good

(4) Complexity of Operation:

6%

Occasionally

Occasionally

Fair

3 Often 1

_? l Poor !

Often

Extremely complex | 2 | Moderate skill required ho Easily learned

* point system protocol; e.g., ''rarely" = 6 points.
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Chrono-Log Corp

2 West Park Road

Havertown, Pennsylvania 19083
(215) 853-1130

David M. Biberman

(Code 60)

Clay Adams

Division ¢f Becton Dickinscn & Co.
299 Webro Road

Parsippany, New Jersey 07054

5201) 887-4800
Code 259)

Clifford Instruuwents, Inc.
East Natick Industrial Park
Natick, Ma 01760

5617) 653-0038 or 237-0618
Code 85)

Jim Munhall
Worthington, Ohio
(614) 888-7700
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(29) Corning Scientific Instruments

(30)

(31)

(32)

(33)

(34)

Scientific Instrument Division
Medfield Industrial Park
Medfi21d, Massachusetts 02052

(617) 359-2341
(Code 86)

Coulter Electronics, Inc.
600 West 20th Street
Hialeah, Florida 33010

(305) 885-0131
(Code 88, 94)

Dade Division

American Hospital Supply Corp.
P. 0. Box 672

2450 NW 97th Avenue

Miami, Florida 33152

$305) 592-2311
Code 220)

Dow Chemical Company
Diagnostic Product Division
P, 0. Box 68511
Indianapolis, Indiana 46268

2317) 873-5311
Code 255)

du Pont Company
Instrument Products Division
Wilmington, Delaware 19898

2412) 487-4388
Code 121,122,156,265)

E-C Apparatus Corp.
3821 Tyrone Bculevard, N.
St. Petersburg, Florida 33709

8813) 344-1644
Code 159)

Rodney G, Hilton

Market Development Manager
Hematology

Chicago, Illinois

(312) 692-2078

Scientific Products

1430 Waukegan Road

McGaw Park, Illinois 60085
(312) 973-3600

Tom Torr & Al Synder
Columbus, Ohio
(614) 888-3141

David McClemens

E.I. du Pont ue Nemours

105 Berkley Meadow Ct.
rittsburgh, Pennsylvania 15237

(412) 487-4388

Cleveland, Ohio
(216) 521-4927

RO —
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(35)

(36)

37)

(38)

(39)

(40)

(41)

Ecologic Instrument Corp.
132 Wilbur Place

Bohemia, New York 11716
(516) 567-9n00

(Code 230, 231)

EDAX Ini :rnatiomal
(See Philips Electronics)

c-7

Electro Optical Industries, Inc.

839 Ward Drive
P. 0. Box 3770

Santa Barbara, California 93105

(805) 964-6701
(Code 189)

Environmental Sciences Associates, Inc.

175 Bedford Street

Burlington, Massachusetts 01803

(617) 272-1200
Mr., Richard E. Reiss
(Code 120, 166)

Epic, Inc.

150 Nassau Street

New York, New York 10038
(212) 349-2470

Mr. Peter Letica

(Code 7, 49)

Farrand Optical Co., Inc.
Commercial Products Division
117 Wall Street

Valhalla, New York 10595

(914) 428-6800
(Code 204, 206, 206)

Finnigan Corp.
595 N, Pastoria Avenue
Su-wrvale, California 94086

(408) 732-0940
‘Code 6)

Mr. Chuck Adams

254 Foxcroft Road

Pi. .sburgh, Pennsylvania 15220
(412) 279-5544

Mr. A. Pace

800 E. Northwest Highway
Palatine, Illinois 60067
(408) 732-0940

Rt i
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(42)

(43)

(44)

(45)

(46)

(47)

(48)
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Fisher Scientific Company Mr. Paul Friedman
711 Forbes Avenue Cincinnati, Ohio
Pittsburgh, Pennsylvania 15219 (513) 792-5100

(412) 562-8300
(Code 18, 24)

Galileo Electro - Optics Corp.
Galileo Park

Sturbridge, Massachusetts 01518
(617) 347-9191

(Code

Gamma Scientific, Inc. Mr. Chuck Brooks

3777 Ruffin Road Brooks Engineering Company
San Diego, California 92123 227 E. Walton Place

(714) 279-8034 Chicago, Illinois 60611
Harold Field or George Unangst (312) 944-1227

(Code 56, 149)

GCA/McPhe ‘son Instrument Mr. Robert L. Williams
530 Main Street 14850 Greenfield Street
Acton, Massachusetts 01720 Apartment 23

(617) 263-7733 Detroit, Michigan 48227
(Code 154, 155) (313) 871-2155

Gelman Instrument Company Mr. Royall Greene

600 S. Wagner Road or Roberta A. Gilkey
Ann Arbor, Michigan 48160 Manager, Laboratory Consultation
(313) 665-0651 (800) 521-0603

Mr. Monte Vincent

(Code 119)

Gencom Division/Emitronics, Inc.

80 Express Street

Plainview, New York 11803

(516) 433-59N0

(Photomultiplier tubes and diodes, lamps, miniature TV cameras)

General Medical Systems, Inc.
3814 Cavalier Drive

Carland, Texas 75042

(214) 272-6488

Joseph L. Longoria, President
(Code 270, 271)
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(49)

(50)

(51)

(52)

(53)

(54)

General Science Corp. , Subsidiary of J. T. Baker

525 Broad Street

Bridgeport, Connecticut 06604

(203) 377-3784
Mr. Dudley Carpenter
(Code 260)

Geometric Data Corp.

999 West Valley Road
Wayne, Pennsylvania 19087
(215) 687-6550

Melvin N. Miller

Bob Francs

(Code 47)

Gilford Instrument Laboratories, Inc.

Oberlin, Ohio 44074
(216) 774-1041
E. F. Valenzuela

(Code 80,123,138,158,187,256)

Gilson Medical Electrorics, Inc.

3000 W. Beltline

P. 0. Box 27

Middleton, Wisconsin 53562
(608) 836-1551

(Code 11, 118}

Glenco Scientific

2802 White Oak Drive
Houston, Texas 77007
(713) 861-9123

Mr. Kenneth Stephens, VP
(Code 42, 117, 160)

GOW-MAC Instrument Company
100 Kings Road

Madison, New Jersey 07940
(201) 377-3459

Mr. Robert J. Mathieu
(Code 227)

Lee Andrews

3236 Harrison Avenue
Cincinnati, Ohio 45211
(513) 661-7953

Dave Klousie

Gilson Medical Electronics
683 E. Broad Street
Columbus, Ohio 43215
(614) 272-2032

wWhitt Sales Company

P. 0. Box 45237
Cincinnati, Ohio 45237
(513] 761-5602

-———— e
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(55)

(56)

(67)

(58)

(59)

(60)

C-10

Hach Chemical Company
P. 0. Box 907

Ames, Iowa 50010
(515) 232-2533

Mr. Dean Bibler

(Code 63, 64)

Harshaw Chemical Company
Kewanee 0il Company

6801 Cochran Road

Solon, Ohio 44139

(216) 248-7400

(Solid-state radiation detector)

Helc.aa Laboratories
1530 Lindbergh Drive
P. 0. Box 752
Beaumont, Texas 77704
(713) 842-3714

Mr. Tipton Golias

Mr. James Nelson

(Code 17, 55, 109)

Honeywell, Inc.

Industrial Division

1100 Virginia Drive

Fort Washington, Pennsylvania 19034
(215) 643-1300

(Code 198)

Charles A. Hulcher Company, Inc.
909 5 Street

Hampton, Virginia 23361

(804) 245-6190

Charles A. Hulcher

(Code 97, 133, 257)

Hycel, Inc.

7920 Westpark Drive
Houston, Texas 77036
(713) 782-6740

Paul Judkins

(Code 116)

Don Browm

1320 Dublin Road
Columbus, Ohio 43215
(614) 486-5971

Mr. Jim Southworth
(216) 777~7173
Mr. John Voigt
(800) 231-1944
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(61) Image Analyzing Computers, Inc.
Robert Pitt Drive
Monsey, New York 19052
(914) 356-3331
Mr. Ron Swenson
Mr, John Jeffry
(Code 233, 234, 235)

(62) International Light, Inc.
Dexter Industrial Green
Newburyport, Massachusetts 01950
(617) 465-5923
Mr. Charles P. Comeau
(Code 57, 108, 182)

(63) International Micro Optics
Charvoz-Carsen Corp.
5 Daniel Road
Fairfield, New Jersev 07006
(201) 227-6767
Ms, Carol Saloane
(Code 239)

(64) Instrumentation Laboratory, Inc,
113 Hartwell Avenue
Lexington, Massachusetts 02173
(617) 861~0710
(Code 225, 226)

(65) Instrumentation Marketing Corp.
820 South Mariposa Street
Burbank, Califoraia 91506
(213) 849-6251
(Code 258)

(66) Instrumentation Specialties Co., (ISCO)

4700 Superior

P. 0. Box 5347

Lincoln, Nebraska 68505
(402) 464-0231

Mr. James Nelson

Mr. Lorance Newburn
(Code 91, 115)

Mr. Robert Anderson

Bower & Haack, Inc.

2386 Territorial Road

St. Paul, Minnesota 55114

Mr. M. Kendell

Ercona Corp.

2492 Merrick Road
Bellmore, New York 11710

Mr. Kemp Hickey
Cincinnati, Ohio
(513) 793-7562

M., Glen Bridges

1910 Wellington Drive
Grand Prairie, Texas 75050
(214) 262-€194

G
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(68)

(69)

(70)

(71)

(72)

(73)

c-12

JRB, Inc.
(3ee SAI Technology Company)
(Division of Science Applications, Inc.)

Kontes Glass Co, Otto V .row

Spruce Street Kont: : of Illinois
Vineland, New Jersey 08360 1916 Greenleaf Street
(609) 692-8500 Evanston, Illinois 60204
Eric Nyberg (312) 475-0707

(Code 5) Chicago (312) 273-2400
Laboratory Data Control

Division of the Milton Roy Company
Interstate Industrial Park

P. 0. Box 10235

Riviera Beach, Florida 33404
(305) 844-5241

Mr. Robert Weller)

(Code 71)

Lab. Line Inst., Inc.

Lab. Line Plaza

15th & Bloomingdale Avenue
Melrose Park, Illinois 60160
(312) 345-7400

Ken Hopkins

(Code 254)

Leeds & Northrup Company 5918 Sharon Woods Boulevard
Sumneytown Pike Columbus, Ohio 43229
North Wales, Pennsylvania 19454 (614) 891-1615

(215) 643-2000

(Code 46, 95. 213)

E. Leitz, I.c.

Rockleigh, New Jersey 07647
(201) 767-1100

I. F. Katz

(Code 223, 224)

Linter Scientific, Inc.
P. 0. Box 446
Millville, Massachusetts 01529

(617) 883-4809
(Code 23)
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(74)

(75)

(76)
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(78)

(79)

Cc-13

LKB Ianstruments, Inc.

12221 Parklawn Drive
Rockville, Maryland 20852
(301) 881-2510

Mr. Paul Mills

(Tode 3,114,134,135,153,240)

LND, Inc.

3230 Lawson Boulevard

Oceanside, New York 11572

(516) 678-6141

(Geiger-Mueller and proportional radiation detector)

London Company

811 Sharon Drive
Cleveland, Ohio 44145
(216) 871-8900

Barry Gilbert

Stephen Firstenberg
(Code 92, 93, 238)

McKee-Pedersen Instruments
Box 322

Danville, California 94526
(415) 937--3630

Richard G. McKee, VP

(Code 113)

Markson Scilence, Inc.

P. 0. Box 767

Del Mar, California 92014
(714) 755-6655

Mr. Joha Webster

(Code 167, 190)

Micromedic Systems, Inc.

Rohm and Haas Building
Independence Mall West
Philadelpnia, Pennsylvania 19105
(215) 592-3582

Mr. F. M. Dadson

Jack H. Gardner

(Code 157)

—————————
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(81)

(82)

(83)

\34)

(85)

Cc-14

Micromeritics Instrument Company
5680 Goshen Springs Road
Norcross, Georgia 30071

(404) 448-8282

Mr. Michael E. McDanmiel

(Code 168)

Milletron

Sub. of Capirntec, Inc.

63 East Sandford Boulevard
Mount Vernon, New York 10550
(914) 664-6600

Robert J. Kanzler

(Code 237)

Monitor Technology, Inc.

303 Convention Way

Redwood City, California 94063
(415) 365-6550

(Code 175, 201)

Myron L. Company

1133 Second Street
Encinitas, California 92024
(714) 753-6215

Mr. Jerald Messing

(Code 169, 229,

Nissei Sangyo Instruments, Inc.
Hitachi Scientific Instruments
2672 Bayshori Frontage Road
Mountain View, California 94043
(415> 961-4235

Mr. Ed Dixon

(Jode 241)

Nikon, Inc.

Subsid.ary of Ehrenreich Photo-
Optici:l Industries, Inc.

623 Strwart Avenue

Gard.n City, New York 11530

(516) 248-5200

ur. Cooperman, Mgr., NASA Projects

(Code 199)

Franklyn W. Kirk & Assoc.
666 Chestnut Street
Cincinnati, Ohio 45227
{513) 271-~7600

PR —
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o (86) Nuclear Data, Inc. Mr. Tom Griffin
i L Golf and Meachun Road Cleveland, Ohio
b S~haumburg, Illincis 60172 (216) 331-5145
T (312) 885-4700
& J. K. Heraty
(Code 207, 208, 209)
= (87) Nuclear Semiconductor Howard Soisson
- 163 Constitution Drive Contemporary 5cience
‘ P. 0. Box 2367 105 Fairdale Avenue
Menlo Park, California 94025 Westerville, Ohio
(415) 325-4452 (614) 882-6908
Thomas Moir
(Code 247)
(88) Nucleus, Inc. (The)
P. 0. Box R
Oak Ridge, Tenn 37830
(615) 483-0008
Mr. Jim Jordan
(Code 37, 128, 172)
(89) NUSonics, Inc. R. J. Brv
G Yeystone Place 3537 Epley Road
P. 0. Box 248 Cincinnati, Ohio 45239
Paramus, New Jersey 07652 (513) 522-0096
(201) 265-2400
Mike Iella
(Code 30)

(90) Nye Optical Company
8781 Troy Street
Spring Valley, California 92077
(714) 466-2200
(UV telephoto lenses for 35-mm cameras, vidicon or movie cameras)

(91) Olympus Corp. of America Joseph Riday
2 Nevada Drive 13078 sheffield Drive
New Hyde Park, New York 11040 Pickerington, Oh 43147
(516) 488-3880 (614) 866-979

(Code 10, 53)

- TEE DS S pms g Dl Peeef Peed P beed i P P 4 3




(92)

(93)

(94)

(95)

(96)

(97)

C-16

Orion Research, Inc.
Sage Instrumants

11 Blackstone Street
Cambridge, Ma 02139
(617) 864-5400

(Code 137)

Ortec, Inc.

An EG & G Company

Life Science Products
100 Midland Road

0Oak Ridge, Tenn 37830
(A15) 482-4411

(Coce 67,176,177,178,179)

Pacific Photometric Instruments
5745 Peladeau Street
Emeryville, California 94608
(415) 654~6585

Mr. Frederick Weekes

(Code 78)

Packird Iusccument Company, Inc,
Sub. of AMBAC Industries, Inc.
2200 Warrenville Road

Downers Grove, Illinois 60515
(312) 969-6000

(Code 34)

Faillard, Inc.

1900 Lower Road

Linden, New Jersey 07)36
(Code 87)

Panax Nucleonics Canada, Ltd.
1505 Louvain Street W,
Montreal, Quebec

Canada H2L2B2

(514) 381-2311

Mr. Bienenstock

(Code 31, 32, 52)

Tom Turriff
33C Cardinal Drive
Medina. Ohio 44756

Bob Cauthen
Columbus, Ohio
(614) 459-2612

TIBY Company

Mr. R. Newman

2245 Warrensville Center Rd.
Cleveland, Ohio 44118

(216) 371-5335

Bob Gehring

.29 West Third Avenue
Columbus, Ohio 43212
(614) 486-1108
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(99)

(100)

(101)

(102>

(103)

Cc-17

Payton Assoclates, Inc.
220 Delaware Avenue
Suite 515

Buffalo, New York 14202
(716) 852-6213

R. W. Baker

(Code 77)

Pen Kem Company

P. 0. Box 364

211 Cleveland Drive
Croton-On-Hudson, New York 10520
(S14) 271-5447

Mr. John G. Penniman, Jr.

Phillip Goetz
Fred Christiansen, New Product Eng,

(Code 89, $0)

Perkin-Elmer Corporation

Main Avenue

Norwalk, Ct (006856

(415) 961-0461

(Code 69,76,183,248,249,250,262)

Pharmacia Fine Chemicals, Inc.
800 Centennial Avenue
Piscataway, New Jersey (8854
(201) 469-1222

Mr. Charles Seiara
(Code 111, 112, 164)

Philips Electronic Instruments

A Sub. of North American Philips Co.

750 €. Fulton Avenue
Mt. Vernon, New York 10550
(914) 664-4500

Mr. Jergy Femfield
(Code 251, 252, 269)

Photo Research Division
Kollmorgan Corp.

3000 N, Hollywood Way
Burtunk, California 91505
(213) ©49-6017

James Misch
(Code 16)

Dr. Allen Grey
(203) 762-100u

Mr. Bill Brennar)
Lombard, Illinois
(312) 495-3700

Ar. Allen Wilcox
(313) 355-0871

EDAX International, Inc.Div.
Box 135

Prairie View, Illinois 60069
{(312) 634-0600

Mr. Lopez

Gerald latz

M 2com, Inc.

7u33 Sundusky Rd.
Rising Sun, Ohioc 43457
(419) 457-3231

— e —
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(104) Photo Metrics, Inc.
442 Marrett Road
Lexington, Massachusetts 02173
(617) 862-8050
Mr. John Scott
(Code 29)

(105) Photronic, Inc.
411 Cheltcana Avenue
Jenkin: wn, Pennsylvania 19046
(215) 455-9991
Mr. Dick Michael
{Code 100}

(106) Photovolt Corpcration
1115 Broadway
New Yerk, New York 10010
(212) 989-2900
Mr. Alex Allentoff
Mrs. Rita Coron
Mr. Peter Merritt
(Code 101, 102)

(107) Picker Corporatica
12123 Princeton Pike
Cincinnati, Ohio 45246
(513) 671-7242
Edward Rodabaugh
(Code 124, 129, 171}

(108) Polysctence Corporation
6366 Gross Point Ro-d
Niles, Illincis F.648
(312) 647-0611
Ms. Elizabeth Bachman

(Code 261)

(109) Princeton A;plied Reseaich Corp. Mr. David A. Bess
P. 0. Box 2565 Cleveland, Chio
Princeton, New Jerse; 08540 (216) 333-1l2i.

(609) 452-21'1
(Code 35)

P
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(112)

(113)

(114)

(115)

c-19

Princeton Gamma - Tech, Inc.
Box 641

Princeton, New Jersey 08540
(609) 924-7310

(Code 243, 244, 245)

Process & Instruments Corp.
1943 Broadway

Brooklyn, New York 11207
(212) 452-8380

Mr. Greenspan
(Code 263)

Rank Precision Industries, Inc.
411 Jarvis Avenue

Des Plaines, Illinois 60018
(312) 297-7720

Mr. Cres
(Code 105)

Raytheon Company

Medical Electronics Operation
P. 0. Box 397

Fourth Avenue

Burlington, Ma 01803

é617) 272 7270
Code 127)

Recognition System, Inc.
15531 Cabrito Road

Van Nuys, California 91406
(213) 785-2179

Harvey L. Kasdan, Ph.D.
(Code 28, 75)

ROYCO Instruments, Inc.

141 Jefferson Drive

Menlo Park, California 94025
(415) 325-7811

Mr. Stanley Strobel
(Code 1 4)

Lee Ashcraft
Cincinnati, Ohio
(513) 791-6530

Michael Farinacci

4550 Rainbow Road

South Euclid, Ohio 44121
(216) 461-1585
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(116)

(117)

(118)

(119)

(120)

(121)

C-20

Rudolph Instruments Engineering
Company, Inc.

61 Stevens Avenue

Little Falls, New Jersey 07424

(201) 256-1491

Mr. Hellmuth Rudolph

(Code 51, 184, 264)

Rudolph Research

Pier Lane

Fairfield, New Jersey 07006
(201) 227-6810

Mr. Hans Ernesti

(Code 50, 70)

SAI Technology Company
(Formerly JRB, Inc.)

8953 Complex Drive

San Diego, California 92123
(714) 459-2601

James T. Palmer, VP

Timothy Geiser, Product Mgr.
(Code 96)

Sargent-Welch Scientific
7300 N. Linder Avenue
Skokie, Illinois 60076
(312) 677-0600

(Code 185, 186)

Science Spectrum, Inc.

1216 State Street

Box 3003

Santa Barbara, California 93105
(805) 963-8605

James Hawes

(Code 73)

Scientific Products

1430 Waukegan Road

Mc3aw Park, Illinois 60085
(312) 973-3600

(Code

Ron Chain

10400 Toconic Terror
Cincinnati, Ohio 45215
(513) 771-38F0
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(122) Schoeffel Instrument Corporatior

(123)

(124)

(125)

(126)

(127)

24 Booker Street

Westwood, New Jersey 07675
(201) 664-7263

George 0'Dom, Ph.D.

(Code 36, 58)

Searle Analytic, Inc.

2000 Nuclear Drive

Des Plaines, Illinois 60018
(Code 216, 217, 218)

SHM Nuclear Corporation

570 Del Rey

Sunnyvale, California 94086
(408) 245-3136

Mr. Dave Reizes

(Code 242)

SKAN-A-MATIC

P. 0. Box S or Rt. 5 West
Elbridge, New York 13060
(315) 689-3961

Edward J. Zurmuhlen
5643 Chevoit Road
Cincinnati, Ohio 45239
(513) 931-9100

(Sub-miniature light sources, photodetectors, scanners & assoc. electronics)

Spatial Data Systems, Inc.

P. 0. Box 249 or 500 S. Fairview
Goleta, California 93017

(805) 967-2383

Fred Clark
(Code 43, 44)

Technical Consulting Service

P. 0. Box 141

Soutnhampton, Pennsylvania 18966
(215) 947-2275

Horst K. Blume

(Code 99)

Daniel P. Ulrich

Electro Sales Associates
1635 Mardon Drive
Dayton, Ohio 45432
(513) 426-5551
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(128) Technicon Instruments Corp.

(129)

(130)

(131)

(132)

(133)

(134)

511 Berpedict Avenue
Tarrytown, New York 10591
(914) 631-8000

(Code 139, 140)

Tektronix, Inc.

P. 0. Box 500

Beaverton, Oregon 97005
(503) 644-0161

(Code 13)

Tracor, Inc.
6500 Tracor Lane
Austin, Texas 78721

(512) 926-2800
(Code 146)

Transamerican Instrument Corp.
85 Kinderkamack Road

Emerson, New Jersey 07630
(201) 265-8906

Roland Kologrivov
(Code 14, 59)

Transidyne General Corp.
903 Airport Drive

Ann Arbor, Michigan 48106
(313) 769-1900

Ms. Vickey Shallhorn
(Code 8, 41, 98)

Tri-R Instruments, Inc.
48 Merrick Road
Rockville Centre, New York 11570

(516) 766-5134
(Code 212)

G. K. Turner Associates

2524 Pulgas Avenue

Palo Alto, California 94303
(415) 324-0077

Charles Heltsley
(Code 191, 194, 200 203)

Thomas Edwards

Suite 5

12 West Shelby Blvd.
Worthington, Ohio 43085
(614) 888-4040
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(136)

137)

(138)

(139)
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c-23

Union Carbide Corp.
Tarrytown Technical Center
Tarrytown, New York 10591

(Code 9)

United Detector Technology, Inc.
2644 30th Street

Santa Monica, California 90404
(213) 396-3175

Chris Hageman

[T

Paul Orwick

120 S. Riverside Plaza
Chicago, Illinois 60606
(312) 822-7015

Ed Boggs

Dietrich E. Associates, Inc.
333 West First Street
Dayton, Ohio 45402

(513) 223-6042

(Code 136, also solid-state photo diodes)

Vactec, Inc.

2423 Northline Industrial Boulevard
Maryland Heights, Missouri 63043
(314) 872-8300

(Code 192)

Vangard Systems, Inc.

Ten Price Street

Dobbs Ferry, New York 10522
(914) 693-6130

Mr. Herbert Rosenfeld

(Code 132)

Varian Associates

611 Hansen Way

Palo Alto, California 94303
(415) 493-4000

Mr. Allen Shelton
(Code 79, 110, 150)

Vir Tis Company

Phoenix Precision Instruments
Rt. 208

Gardiner, New York 12525
(914) 255-5000

Jerry Bartholomew
(Code 22, 147)

Scott Electronics

Mr. Ted Chamberlain
2677-1/2 E. Main Street
Columbus, Ohio 43209
(614) 236-8619

Dick Drotleff

2500 Euclid Avenue
Euclid, Ohio 44115
(216) 261-2115
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(142)

(143)

(144)

(145)

(146)

c-24

Vitatron Medical, Inc.
45 "A" Street

South Boston, Massachusetts 02127

(617) 269-8445
Anthony Featherstone
Lawrence H., Foley, Jr.
(Code 105, 106, 107)

Volu-350l1 Medical Industries, Inc.

1034 S. Commerce Street
Las Vegas, Nevada

(702) 384-1731

(Code 246)

Waters Associates, Inc.

Maple Street

Milford, Massachusetts 01757
(617) 478-2000

(Code 2, 61)

Wescan Instruments, Inc.

3018 Scott Boulevard

Santa Clara, California 95050
(408) 248-3519

(Code 170)

Wilks Scientific Corp.
140 Water Street

P. 0. Box 449

S. Noralk, Ct 06856
(203) 853-1616

Mr. Harold Jacobs
(Code 236)

C. N. Wood Manufacturing Company

Newton Industrial Commons
Route 332

Newtcwn, Pennsylvania 18940
(215) 968-4268

Mr. Hunsberger

(Code 72)

Dick Goddard

John Sarruda

Pittsburgh, Pennsylvania
(412) 828-7728

P. J. Navin . .mpany

Mr. David Burge

P. 0. Box 213

W. Carrollton, Ohio 46449
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C-25

(147) Carl Zeiss, Inc.

(148)

444 Fifth Avenue

New York, New York 10018
(212) 736-6070

(Code 141,142,143,144,145,174)

Zena Company

2208A Hamilton Boulevard

S. Plainfield, New Jersey 07080
(201) 754-4109

Mr. Joe DelGaldo

(Code 54)

Robert Wenzel

1120 Morse Road
Columbus, Ohio 43229
(614) 846-1800
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COMMERCIAL HARDWARE DESCRIPTION AND INDEX
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APPENDIX D
D-1
INSTRUMENT APPLICATIONS INDEX

L Assay Technique Instrument Code Hos.
g (1) Photometric (general applications) 67 78 176 177 178
(2) Photometric/Absorptive/Infrared 13 42 59 65 79 91

167 149 156 160 161
162 185 186 191 214
222 236 248 252

RN R AT
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(3) Photometric/Absorption/Visible 3 4 5 8 13 14 16
17 18 19 20 21 22
36 40 41 42 54 55
56 59 65 68 79 80
81 82 85 91 98 99
100 i01 102 105 166
107 108 109 110 1i2
115 116 119 136 142
143 146 149 150 152
154 155 156 157 158
159 160 161 162 183
185 186 187 i88 189
150 191 192 203 214
222 223 224 225 237
242 250 251 253 270

(4) Photometric/Absorptive/Ultraviolat 3 4 5 8 11 13 21

36 57 58 59 65 79
82 85 107 108 110
111 112 114 115 117
118 142 146 150 151
152 153 154 155 156
157 158 180 181 182
183 184 185 186 191
192 214 222 250 251

(5) Photometric/Refractive/Forvard Light 25 26 27 28 38 60
Scattering 64 72 73 75 89 90
139 140 147 148 175

(6) Photometric/Refractive/Nephelonetry 60 63 64 75 73 101
107 147 148 163 194
201 202 205 230 241

246

(7) Photometric/Refractive/Refractometry 2 7 15 61 62 70 711
72 148 164 165 227
239
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D-2

Assgy Technique

(8) Photometric/Emicsive/Fluorimetry

(9) Photometric/Polarimetry

(10) Electrometric/Potentiometry and Coulometry

(11) Electrometric/Conductimetry

(12) Radiometric/Scintillation Photometry

(13) Radiometric/Gamma-Ray Spectrometry
and Direct Radiation Counting

(14) nadiometric/X-Ray Fluorescence

(15) Radiometric/Beta Absorption
(16) Microcalorimetry

(17) Ultrasonic

(18) Multiparameter Cell Analysis

(19) Automated Image Analysis

(20) Particle Counting (general applications)

(21) Particle Counting/Optical

(22) Particle Counting/Electroconductimetric

(23) Photography

Instrument Code No.

8 26 27 36 38 139
40 65 83 85 98 105
107 140 142 150 163
193 194 195 202 203
204 205 206 249

49 50 51 144 261 262
263 264 265

35 113 120 137 166
198 200 221 228 1238

46 48 92 93 95 167
168 165 170 173 196
197 212 213 229 231
33 34 37 104 128 129
130 131 171 179 210
211 215 216 217 218
220 232 266 271

32 52 124 126 127 131
132 171 172 266

6 84 121 243 244 245
247

31 125

69 76 134 135

30 267 268 269

25 26 27 38 139 140

29 43 44 47 66 86
103 174 233 23 235

207 208 298

24 25 26 27 38 47
66 86 139 140 174 233

12 74 88 94 259 260

31 87 97 125 133 199
257 258

—
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7 Assay Technique

(24) Light Microscopy

(25) Immunologically based/Immunofluorescence
(see Photometric/Emissive/Fluorimetry)
(26) Immunologically based/Agglutination

(27) Enzymatically based/Chromogenic Substrates

(28) Enzymatically based/ATP Photometry

Instrument Code No.

10 45 47 53 66 "9
141 145 174 233 .34

23 77

9 123 138 219 226
240 255 256

1 96 122 195 254

L e B e s A

B




D-4 Code No. 1

CCMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Enzymatic/ATP Photometry

VENDOR American Instrument Co.
Silver Springs, Maryland
INSTRUMENT Chen~-Glow Photometer
MODEL OR CATALOG No. -~ 7441
Points* Factor Specifications
18.8 Cost $800
7.1 Power required 115 v, 50/60 Hz, 990 watts
20.1 Volume (m3) 0.008
21.1 Weight (kg) 4.1
24.0 Complexity of usej from user surve
li;-g Reliability us Y

USER REFERENCES

(1)

(2)

(3)

2.5 yr Dr. Ivan Stern (312/965-4700)
Baxter Laboratories
6301 Lincoln Avenue
Mo:ton Grove, Illinois 60053

7 yr Dr. Judy St. John (301/344-3471)
Agriculture and Environmental Quality Institute
Pesticide Action Laboratory
Building 001, BARC West
Bentsville, Maryland 20705

5 yr Dr. Grace Picecicco (301/982-2121)
National Aeronautics and Space Administration
Goddard Space Facility
Code 726
Greenbelt, Maryland 20771

%Se¢ point system description.
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D-5 Code No. 9

COMMERCIAL HARDWARE DESCRIPTION

Refractive/Refractometry
ASSAY PRINCIPLE Photometric/Refr A

Waters Associates, Inc.

VENDOR
Milford, Massachusetts 01757
tometer-
INSTRUMENT Differential Refractomete
MODEL OR CATALOG NO.  ~ 03
Points* Factor Specifications
14.3 Cost $2,400
28.3 Power requirsd 115 Vv, 50/60 Hz, 4 watts
20.7  Volume (m3) 0.007
17.7 Weight (kg) 8.2
15.2 Complexity of use '
19.2  Reliability J from user survey
115.4
USER REFERENCES
(1) 18 mo  Dr. C. G. Scott (201/235-3993)

Hof fmann-La Roche, Inc.
Kingsland Avenue
Nutley, New Jersey 07110

(2) 3yr Jerry K. Miller (203/348-7331)
American Cyanamid Co.
1937 West Main Street
Stamford, Connecticat 06904

(3) 3 mo Walten Caldwell (201/574-5098)

Merck & Co., Inc.
Rayway, New Jersey 07065

*See¢ point system description.



D-6 Code No. 3

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Uléraviolet

VENDOR LKB Instruments, Inc.

Rockville, Maryland 20852

INSTRUMENT Uvicord III UV Absorptiometer

MODEL OR C.TALOG No. 2089

Points* Factor Specifications
13.0 Cost $3,530
13.4 Power required 115/220 V + 10%Z, 50/60 Hz, 8C watts
15.1  Volume (m3) 0.025
15.8 Weight (kg) 13.0
16.0 Complexity of use -
16.3  Reliability J from user survey
89.6

USER REFERENCES

(1) 2 yr Dr. R. M. Robson (515/294-5036)
Iowa State University
Muscle Biology Group
Ames, Iowa 50010

(2) 3yr Louis V. Avioli, M.D. (314/367-8060)
Washington University School of Medicine
The Jewish Hespital of St. Louis
216 South Kingshighway
St. Louis, Missouri 63110

3 1 mo Charles F. Schachtele (612/376-7577)
University of Minnesota
18-228 Health Sciences Unit A
School of Dentistry
Minneapolis, Minnesota 55455

*See point system description.
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D-7 Code No. 4

COMMERCIAL HARDWARE DESCRIPTION
ASSAY PRINCIPLE Photomeric/Absorption/Ultraviolet

VENDOR Beckman Instruments, Inc.

Irvine, California

UV-Visible Spectrophotometer

INSTRUMENT
MODEL OR CATALOG No, _ ~CTA III
Points* Factor Specifications
10.0 Cost $9,900
9.2 Power required 120 v, 50/60 Hz, 360 watts
7.2 Volume (m3) 0.471
9.3 Weight (kg) 113.4
11. ; .
0.8 Complexity of use3 from user survey

Reliability

|

[« )
~J
.

[=)]

USER REFERENCES

Q) 2.5 yr Melody K. Bean (614/299-3151, Ext. 2113)
Battelle, Columbus Laboratories
505 King Avenue
Columbus, Ohio 43201

(2) 15 mo Dave Mitchell (216/593-1156)
General Electric Conneaut Base Plant
Rieg and Mapie Avenue
Conneaut, Ohio 44030

(3) 4.5 yr Dr. Nick Baumgartner (216/491-4911 or -4241, Ext. 22)

John Carroll University
Cleveland, Ohio 44118

*See point system description.




D-8 Code No. 5

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet

VENDOR Kontes Glass Co.

Vineland, New Jersey 08360

INSTRUMENT Densitometer

MODEL OR CATALOG No. K-495000

Points* Factor Specifications
14.5 Cost $2,250

15.9 Power rquired 115 V, 60 Hz, 40 watts
12.3 Volume (m-) 0.056

15.2 Weight (kg) 15.0

16.6 Complexity of use :

17.8  Reliability J from user survey

O
[y
.

w

USER REFERENCES

1) 7 mo G. E. Carter, Jr. (803/656~3451 or -3450)
Clemson University
Department of Plant Pathology and Physiology
Clemson, South Carolina 29631

(2) 1lyr H. M. Stahr (515/294-1950)
Veterinary Diagnostic Lab
Veterinary College, Iowa State University
Ames, Iowa 50010

(3) 15 mo Prof. Joseph Sherma (215/253-6281, Ext. 274)
\ Department of Chemistry
Lafayette College
Easton, Penngylvania 18042

*See point system description.
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D=9 Code No. 6

COMMERCIAL HARDWARE DESCRIPTION
ASSAY PRINCIPLE Radiometric/X-Ray Fluorescence

VENDOR Finnigan Corp .

Sunnyvale, California 94086

- INSTRUMEL'T \ Energy Dispersive X-Ray Spectrometer

MODFL OR CATALOG No, COCA

Points* Factor Specifications
6.7 Cost $47,500
6.4 Power required 115V + 10%, 60 Hz, 1500 watts
5.7 Volune (m3) 1.160

1;.2 Weight (kg) 281.6

16:5 Complexity of use} from user survey

2209 Reliability

USER REFERENCES

1) 3yr William Reuter. Ph.D.  415/486-3342
Western kegional Research Center
U. S. Dept. of Agriculture
800 Buchanan Street
Berkeley, California 94710

. (2)

; 1-1/2 yr T. M. Spittler 617/223-7337
: US EPA, Region I Lab

5 240 Highland Avenue

N Needham, Massachusetts 02194
x (3)

2 yr Donald T. Carlton 219/482-4411
Magnavox Co, G&I Division
1700 Magnavox Way
Ft. Wayne, Indiana 46804

*See point system description.
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D-10 Code No.

Vi

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Refractive/Refractometry

VENDOR Epic, Inc.

New York, New York 10038

“ INSTRUMENT Abbe 60 Refractometer

MODEL OR CATALOG No. 60/ED

Points* Factor Specifications
15.9 Cost $1,555

22.4 Power required 115V, 50/60 Hz, 10 watts
17.7 Volume (m3) 0.013

20.0 Weight (kg) 5.0

22.4 Complexity of use

17.7 Reliability } from user survey

USER REFERENCES

(1) 1-1/2 yr Dr. James E. Johnson 817/382-2990
Texas Woman's University
Chemistry Department
Denton, Texas 76204

(2) 2yr D. C. 0'Shea 404/894-5256
Georgia Tech.
School of Physics
Atlanta, Georgia 30332

('y S5yr Jack McEwan 219/724-2101
Central Soya Co., Inc.
1200 North Second Street
Decatur, Indiana 46733

*See point system description.
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D-11 Coude No. 8

COMMERCIAL HARDWARE DESCRIPTION
ASSAY PRINCIPLE Photometric/Absorptive/Ultraviolet

VENDOR Transidyne General Corp.

Ann Arbor, Michigan 48106

“ INSTRUMENT RFT Scanning Densitometer

MODEL OR CATALOG No. 22°0

Points* Factor Specifications
11.1 Cost $6,450

10.6 Power required 110v, 60 Hz, 200 watts
13.7 Volume (m3) 0.190

13.1 Weight (kg) 27.2

12.7 Complexity of use

18.4 Reliability
79.6

1 from user survey

USER REFERENCES

1 yr Emanuel Epstein, Ph.D. 313/549-7000, Ext. 471
William Beaumont Hospital
3601 West 13 Mile-Road
Royal Oak, Michigan 48072

(2) 2w Bennie Zak, Ph.D.  313/577-1139
Wayne State University
School of Medicine
540 East Canfield
Detroit, Michigan 48201

3 yr David E. Smith, M.D.
Methodist Hospital
Department of Pathology
1604 North Capitol Avenue
Indianapolis, Indiana 46204

(3)

t*See point syvstem descriptionm,
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ASSAY PRINCIPLE

D-12 Code No.

— et

COMMERCIAL HARDWARE DESCRIPTION

Enzymatic/Chromogenic Substrate

VENDOR

Union Carbide Corp.

Tarrytown, hew York

" INSTRUMENT

Centrifichem  Analyzer

MODEL OR CATALOG NO.

3U 0100

Points* Factor Specifications
7.3 Cost $33,900
5.7 Power required 115 + 10V, 60 Hz, 2300 watts
6.6 Volume (m3) 0.649
8.3 Weight (kg) 167.8
20.2 Complexity of use
10.6 Reliability } from user survey
58.7

USER REFERENCES

(1) 8 mo

(2) 1-1/2 yr

(3) 15 mo

Dick Mullen 216/998-3111, Ext. 2195
Ashtabula General Hospital

Clinical Labs

2420 Lake Avenue

Ashtabula, OChio 44004

James Sutton 216/585-5500
Richmond Heights General Hospital
27100 Chardon Road

Richmond Heights, Ohio 44143

John Mulder 216/775-1211
Allen Memorial Hospital

200 West Lorain Street
Oberlin, Ohio 44074

®See point system description.
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Code No. 10

D-13
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Light Microscopy

VENDOR Olympus Corp. of America

New Hyde Park, New York 11040

* INSTRUMENT Vanox II Universal Research Microscope

MODEL OR CATALOG No, AH-100A

Points* Factor Specifications
11.0 Cost $6,795

15.0 Power required 120V, 60 Hz, 50-30 watts
10.3 Volume (m3) 0.116

12.9 Weight (kg) 29.4

0.9 Complaxity of use

2
18.8 Reliability ] from user survey

USER REFERENCES

1) 2yr Dr. Rainer, Pathologist 614/461-2030
Children’'s Hospital
561 South 17th Street
Columbus, Ohio 43205

(2) 19yr Dr. Alberosen 614/421-4321
Doctors Hospital North
1087 Dennison Avenue
Columbus, Ohio 43201

(3) 18w Harvey L. Gibson, P.A. 513/228-5164
Montgomery County Coroner's Office
120 Zeigler Street
Dayton, Ohio 45402

*See point system description.
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ASSAY PRINCIPLE

COMMERCIAL HARDWARE DESCRIPTION
Photometric/Absorption/Ultraviolet

Gilson Medical Electronics, Inc.

USER REFERENCES

) 1yr
() 1yr
(3) 4mo

VENDOR
Middleton, Wisconsin 53562
* INSTRUMENT Recording UV Spectrometer
MODEL OR CATALOG No. T UV-RP
Points* Factor Specifications
13,7 Cost $2,770
11.4 Power required 115V, 60 Hz, 150 watts
13.2 Volume (m3) 0.042
ig-g Weight (kg) 21.8
. Complexity of use
13.3 Re?gability 3} from user survey
78.4

Dr. Joel Rosenbloom 215/243-6662
University of Pennsylvania
Histology Department, Dental School
Philadelphia, Pennsylvania 19172

M. D. Seymour 513/562-9462

Proctor and Gamble (Miami Valley Labs)
Box 39175

Cincinnati, Ohio 45247

Dr. Robert Seinmeier 716/831-5845
State University of New York at Buffalo
Bioenergetics Lab, Room 168

Acheson Hall

Buffalo, New York 14214

tSee point system description.
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ASSAY PRINCIPLZ

D-15 Code No. 12

COMMERCIAL HARDWARE DESCRIPTION

Particle Counting/Electro-conductimetric

Reliability

USER REFERENCES

S yr

() 6w

(3) 1-1/2 yr

*See point system des

} from user survey

VENDOR Royco Instruments, Inc.
Menlo Park, California 94025

" INSTRUMENT Microcellcounter
MODEL OR CATALOG No. °10
Points? Factor Specifications
11.5 Cost $5,600
12.6 Power required 115/230vV, 50/60 Hz, 100 watts
15.2 Volume (m3) 0.024
15.9 Weight (kg) 12.7
20.4 Complexity of use

3

H. A. Woodson, Laboratory Manager  312/873-8200
St. Bernard Hospital Ext. 428
6337 Harvard :

Chicago, Illinois 60621

Lila Friedman 415/497-6501
Stanford University Medical Center
Department of Pediatrics

Stanford, California 94305

Gardner Community Health Clinic 408/998-2264

325 Willow Street
San Jose, California 95110

cription.
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D-16 Code No. 1.

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Visib le

VENDOR Tektronix Inc.

Beaverton, Oregon 97005

- INSTRUMENT Photometer/Radiometer

MODEL OR CATALOG NO. J16 Option 3 with J6514 Probe

Pointn® Factor Specifications
19.1 Cost $750

13.6 Power required 115V, 60 Hz, 74 watts
33.7 Volume (m3) 0.001

27.1 Weight (kg) 1.5

17.9 Complexity of use

17.3 Reliability

) } from user survey
128.7

USER REFERENCES

(1) 8mo Philip E. Barnhart 614/882-6711
Otterbein College Physics Dept.
Westerville, Ohio 43081

(2) 4w Guy London 614/421-1714
State of Ohio Educational TV Commission
2470 North Starr Road
Columbus, Ohio 43221

(3) 4m H. L. Lazara 206/753-6092
Washington State Highway Department
Highway Administration Building
Olympia, Washington 98504

#*See point system description.
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D-17 Code No.

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Visible

14

VENDOR Transamerican Instrument Corp.

Emerson, New Jersey 07630

MODEL OR CATALOG No. 02

Points* Factor Specifications
20.2 Cost $595

17.1 Power required 220V, 50 Hz, 22 watts
17.4 Voiume (m3) 0.014

18.5 Weight (kg) 6.9

10.0 Complexity of use

10.0 Relizbility } from user survey

USER REFERENCES

() Foreign Users Only

(Names not readily available)

(2)

(3)

®Sae point system description.



D-18 Code No.

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Refraction/Refractometry

VENDOR American Optical Corp.

Buffalo, New York 14215

* INSTRUMENT AD-TS Meter

MODEL OR CATALOG No. 10402

Points® Factor Specifications
24,2 Cost $292

50.0 Power required None

50.0  Volume (m3) 0.0002

40.5 Weight (kg) 0.3

24.8 Complexity of use
23.2 Reliability
212.7

}J from user survey

USER REFERENCES

(1) 2 yr Diane Metcalfe  614/299-~3151, Ext. 3310
Battelle, Columbu. Laboratories
505 King Avenue -
Columbus, Ohio 43201

(2) 8yr Sandy Wolf 614/261-5263
Riverside Methodist Hospital
3535 Olentangy River Kkoad
Columbus, Ohio 43214

(3) 10 yr Duane Howell 614/461-2140
Children's Hospital
561 South 17th Street
Columbus, Ohio 43205

*See point system description.
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D-19 Code No. 16

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Visible

VENDOR Photo Research

Burbank, California 91505

* INSTRUMENT Specta 1980 Pritchard Photometer

MODEL OR CATALOG NO. 19830-0P with 1980-CDB controi ccnsnie and LMS<-60B micro

Points#* Factor Specifications

11.6 Cost $5,580

18.9 Power required 117 + 13 V, 50-400 Hz, 20 watts
14.8 Volume (m3) 0.027

iz-; Weight (kg) 14.7

14.2 Complexity of use} from user turvey

Reliability

o
O
wn

USER REFERENCES

M) 1w Wally Richardson 614/466-4843
State of Ohio, Dept. or Transportation
Bureau of Traffic
450 East Town Street
Columbus, Ohio 432i5

& 10 mo Sgt. Robert Searle 513/255-3384
Air Space Medical Research Laboratory
Human Engineering Division
Wright-Patterson AFB, Ohio 45433

(3

1lyr Alan G. King 216/641-8580, Ext. 605
Ferro Corporation Tech Center
6500 East Pleasant Valley Road
Independence, Ohio 44131

®See point system descriptionm.

lens



AT SNl 2403 v

e

D-20 Code No. 17

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Visihle

Helena Laboratories

VENDOR
Beaumont, Texas
, Auto-Scanner Flur-Vis
INSTRUMENT
1202
MODEL OR CATALOG NO.
Points* Factor Specifications
12.2 Cost $4,500
11.0 Power required 115V, 50/60 Hz, 173 watts
12.5 Voiume (m3) 0.053
i§°2 Weight (kg) 15.9
. Comnlexity of use
;3.2 Reliability } from user survey

USER REFERENCES

1l 1m Diane Huntress 916/456-7881, Ext. 731
Mercy Hospital
4001 J Street
Sacramento, Califormia 95819

(2) 2w Mr. C. E. Collins 602/263-1200, Ext. 374
Pathology Department
Phoenix Indian Medical Center
U. S. Public Health Service
4212 North 16th Street
Phoenix, Arizona 8516

(3) 1wmo Mr. Jack Dickenson 305/565-6642
Damon Medical Lab
3290 N.E. 12th Avenue
Oakland Parl, Florida 33306

®See point system descr’ “ion.
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ASSAY PRINCIPLE

D-21 Code No. 18

COMMERCIAL HARDWARE DESCRIPTION
Photometric/Absorption/Visible

Fisher Scientific Co.

|

(=]
pulf}
-

~

USER REFERENCES

(1) 2 yr
(2) 3yr
(3) 14 mo

Reliability

VENDOR
Pittsburgh, Pennsylvania 15219
* INSTRUMENT Programachem
MODEL OR CATALOG No. 1040
Points* Factor Specifications
6.5 Cost $56,500
5.2 Power required 117v, 60 Hz, 3510 watts
5.1 Volume (m3) 1.878
6.3 Weight (kg) 499.0
22.7
159 Complexity of usej from user survey

Jim Phillips 513/335-5624
Dettmer Hospital

3130 North Dixde' Highway
Troy, Ohio 45373

Bob Richards 216/746-8061, Ext. 209
Youngstown Osteopathic Hospital

1319 Florencedale Avenue

Youngstown, Ohio 44504

Dr. John Fiskamp

Community Hospital

1500 North Ritter
Indianapolis, Indiana 46219

*See point system description.
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ASSAY PRINCIPLE

D-22 Code No. 19

COMMERCIAL HARDWARE DESCRIPTION
Photometric/Absorption/Visible

Bausch & ‘Lomb, Analytical Systems Division

USER REFERENCES

(1) 1mo
(2) 1wmo
(3) 5 mo

VENDOR
Rochester, New York 14625

- INSTRUMENT Mini-Spec 20 Spectrhphotometer
MODEL OR CATALOG No, _>3-10-02

Points* Factor Specifications
21.2 Cost $495

50.0 Power required Internal battery
36.9 Volume (m3) 0.0007

22-7 Weight (kg) 0.5

.1 Complexity of use

8.1 Re?gability 1} from user survey
167.0

William F. Cowen 663-7237

U. S. Army Medical Bioengineering R&D Laboratory
Building 568, Ft. Detrick

Frederick, Maryland 21701

David Kidd 505/277-2943
University of New Mexico

Biology Department

Albuquerque, New Mexico 87131

Barbara Blaine 815/968-9691
Illinois Water Treatment Co.

840 Cedar Street

Rockford, Illinois 61105

*Sae point system description.
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ASSAY PRINCIPLE

D-23 Code No. 20
COMMERCIAL HARDWARE DESCRIPTION

Photometric/Absorption/Visible

O
N
o

USER REFERENCES

W 5

(2) 1-1/2 yr

(3 1-1/2 yr

Reliability

VENDOR Bio/Data Corp.
Hatboro, Pa. 19040
* INSTRUMENT Platelet Aggregation Prcfiler
MODEL OR CATALOG No. FPAP-2
Poinis* Factor Specifications
14.3 Cost $2’375
12.6  Power required 115 + 10V, 60 Hz, 100 watts
13.1 Volume (m3) 0.044
ig°g Weight (kg) 13.6
16:8 Complexity of use} from user survey

Pat Campbell

Hematology Department
Trumbull Memorial Hospital
1350 East Market Street
Warren, Ohio 44482
216/399-6461, Ext. 2919

Peter H. Levine, M.D.

New England Medical Center Hospital
174 Harrison Avenue

Boston, Massachusetts 02111
617/482-2800, Ext. 2244

H. S. Weiss, M.D.

Roosevelt Hospital (Columbia University)
428 West 59th Street

New York, New York 10019

212/554-6641

*See point system description.
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D-24 Code No. 21

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Photometric/Absorption/Ultraviolet

American Instrument Co.

USER REFERENCES

(1) 4 mo
(2) 2yr
(3) 3yr

VENDOR
Silver Spring, Maryland
* INSTRUMERT DW-2 §ngtrophotometer
MODEL OR CATALOG No. _“4-9600
Points* Factor Specifications
8.3 Cost $20,895
7.5 Power required 115V, 50/60 Hz, 800 watts
7.2 Volume (m3) 0.470
8.0 Weight (kg) 200 (est.)
17.1 Complexity of use -
15.3 Reliability } from user survey
63.4

Dr. Ted Sokoloski 614/422-6124
The Ohio State University

College of Pharmacy

Columbus, Ohio 43210

Dr. Dennis Nelson 202/295-1520
Naval Medical Research Institute
Bethesda, Maryland 20014

Dr. Ron Estabrook 214/688-3456
University Texas Health Science Center
Southwestern Medical School

Department of Biochemistry

5323 Harry Hines Blvd.

Dallas, Texas 75235

*See point system descriptionm.
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ASSAY PRINCIPLE

D-25 Code No. 22

COMMERCIAL HARDWARE DESCRIPTION

Photometric/Absorption/Visible

USER REFERENCES

(1)

(2)

3

7 yx

9 yr

4 yr

VENDOR The Virtis Co.
Gardiner, New York 12525
* INSTRUMENT Phoenix Micro Flow Colorimeter
MODEL OR CATALOG No. 800
Points* Factor Specifications
19.1 Cost $757
12.8 Power required 115v, 60 Hz, 30 watts
25.6 Volume (m3) 0.003
19.7 Weight (kg) 5.4
13.3 Complexity of use
19.0 Reliability } from user survey
109.5

Calvin L. Long, Ph.D. 419/385-4661
Medical College of Ohio at Toledo
Department of Surgery

Arlington & Detroit Avenues

Toledo, Ohio 43614

Dr. S. Nakai 604/228-4421
Department of Food Science
University of British Columbia
Vancouver, British Columbia, Canada
V6T 1W5

Peter Mamunes, Ph.D. 804/770-3033
Medical College of Virginia :
11th & Broad Streets

Medical Education Building

Richmond, Virginia 23298

*See point system descriptionm.



Code No. 23

D-26
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Immunological/Agglutination

VENDOR Linter Scientific Inc.

Millville, Massachusetts 01529

* INSTRUMENT Colysagraph

MODEL OR CATALOG No. L/S-2

Points* Factor Specifications

13.3 Cost $3,200

11.6 Power required 115/230 v, 50/60 Hz, 140-100 watts
15.6  Volume (m3) 0.022

16.9  Weight (kg) 10.0

10.0 Complexity of use

10.0 Reliability } from user survey

USER REFERENCES

Q) New instrument, no users avaiiable

(2)

(3)

*t3ae point system description.



Code No. 24

D-27
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Particle Counting/Optical (Light Scatter)

VENDOR Fisher Scientific Co., Analytical Iaistrument Div.

Pittsburgh, Pennsylvania 15219

* INSTRUMENT Autocytometer II Blood Cell Counter

MODEL OR CATALOG No. 2-682

Points* Factor Specifications
11.9 Cost $4,995

11.4 Power required 115V, 50/60 Hz, 150 watts
13.0  Volume (m3) 0.046

14.1  Weight (kg) 20.4

23.7 Complexity of use

19.0 Reliability
93.1

} from user survey

USER REFERENCES

1) 4yr Bob Richards 216/746-8061, Ext. 209
Youngstown Osteopathic Hospital
1319 Florence Avenue
Youngstown, Ohio 44504

(2) 5 yr Jim Phillips 513/335-5624
Dettmer Hospital
3130 North Dixie Highway
Troy, Ohio 45373

(3) 3 yr Lew Diehle 513/492-4171
Wilson Memorial Hospital
915 West Michigan
Sidney, Ohio 45365

*See point system description.



D-28 Code No. 25

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Multiparameter Cell Analysis
VENDOR Bio/Physics Systems, Inc.
Mahopac, New York 10541
* INSTRUMENT Cytograf
MODEL OR CATALOG No, _ ©300A
Points* Factor Specifications
10.1 Cost $9,470
8.1  Power required 115V, 50/60 Hz, 600 watts
10.2  Volume (md) 0.120
11.2 Weight (kg) 40.8
7. Complexity of use
;;.z Reliability } from user survey

USER REFERENCES

1) 6m Paul Hurtubise, Ph.D. 614/422-8310
Department of Pathology
The Ohio State University, Graves Hall
Columbus, Ohio 43210

(2) 2 yr Fedor Medzihradsky, Ph.D. 313/764-1114
University of Mic*igan Medical School
Department of Biological Chemistry
Medical Science Building I
Ann Arbor, Michigan 48104

' (3) 1yr Stephen L., Kimzey 713/483-4086
’ NASA Johnson Space Center
Code DB7

Houston, Texas 77058

®See point system description.
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ASSAY PRINCIPLE

D-29 Code No.

26

COMMERCIAL HARDWARE DESCRIPTION

Multiparameter Cell Analysis

Bio/Physics Systems, Inc.

VENDOR
Mahopac, New York 10541
* INSTRUMENT Cytofluorograf
MODEL OR CATALOG No, _ 0300A/4802A
Points* Factor Specifications
8.0 Cost $24,170
5.8 Power required 115V, 50/60 Hz, 2325 watts
8.6 Volume (m3) 0.240
3-2 Weight (kg) 100.8
. Complexity of use
;i.g Reliability } from user survey

USER REFERENCES

(1) 6 mo
(2) 2yr
(3) 1yr

Paul Hurtubise, Ph.D. 614/422-8310
The Ohio State University

Department of Pathology, Graves Hall
College of Medicine

Columbus, Ohio 43210

Fedor Medzihradsky, Ph.D.  313/764-1114
‘miversity of Michigan Medical School
Department of Biological Chemistry
Medical Science Building I

Ann Arbor, Michigan 48104

Stephen L. Kimzey 713/483-4086
NASA Johnson Space Center

Code DB7

Houston, Texas 77058

®Sae point system description.
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D-30 Code No. 27

COMMERCIAL HARDWARE DESCRIPTION
ASSAY PRINCIPLE Multiparameter Cell Analysis

Bio/Physics Systems, Inc.

VENDOR
Mahopac, New York 10541

* INSTRUMENT Cytofluorograf
MODEL OR CATALOG No, _ System 3
Points* Factor Specifications
7.6 Cost $29,825
5.4 Power required 115V, 50/60 Hz, 2975 watts
7.9 Volume (m3) 0.330
g-z Weight (kg) 138.3
. Complexity of use
z;,g Reliability } from user survey

USER REFERENCES

1) 6mo Paul Hurtubise, Ph.D. 614/422-8310
The Ohio State University
Department of Pathology, Graves Hall
College of Medicine
Columbus, Ohio 43210

) 2 yr Fedor Medzihradsky, Ph.D. 313/7€4-1114
University of Michigan Medical School
Department of Biological Chemistry
Medical Science Building I
Ann Arbor, Michigan 48104

(3) 1yr Stephen L. Kimzey 713/423-4086
NASA Johnson Space Center
Code DB7

Houston, Texas 77058

%*See point system description.
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ASSAY PRINCIPLE

D-31 Code No. 28

COMMERCIAL HARDWARE DESCRIPTION

Photomettric/Refraction/Light Scattering

(=]
(=)
w

USER REFERENCES

1) 6 mo

(2) 2-1/2 yr

(3) 11 wo

Reliabiity

VENDOR Recognition Systems, Inc.
Van Nuys, California
* INSTRUMENT Recording Optical Spectrum Analyzer
MODEL OR CATALOG No, _ ROSA-3
Points* Factor Specifications
6.7 Cost $49,500
11.0 Power required 115V, 60 Hz, 175 watts
4.9  Volume (m3) 2.240
lz.g Weight (kg) 204.1
15:1 Complexity of use} from user survey

R. Schindler 206/773-1611
Boeing Aerospace Co.

P. 0. Box 3999

Seattle, Washington 98124

R. D. Leighty 703/664-6176
Research Institute

Engineer Topographic Laboratories
Fort Belvoir, Vireinia 22060

T. P, Kruger 213/746-2992
University of Southern California
Powell Hall of Engineering, Room 324
Los Angeles, California 90274

#See point system description.
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ASSAY PRINCIPLE

D-32 Code No.

29

COMMERCIAL HARDWARE DESCRIPTION

Pattern Recognition Comput~+ (Image

Analyzer)

VENDOR

Photo Metrics, Inc.

Lexington, Massachusetts 02173

" INSTRUMENT

Raster Scanner

MOUEL OR CATALOG NG.

EDP

Points* Factor Specifications
8.9 Cost $16,000
7.9 Power required 110V, 60 Hz, 660 watts
11.4  vyolume (m3) 0.078
12.2  Weight (kg) 36.3
10.0  complexity of use ¢
28.2 Reliability ] from user survey

USER REFERENCES
(1)

(2)

(3)

No users available

®See point system description.
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D-33 Code No. 30

COMMERCIAL HARDWARE DESCRIPTION
ASSAY PRINCIPLE Ultrasonics (Sounu Velocity)

VENDOR NUSonics, Inc.

Paramus, New Jersey 07652

Laboratory Monitor

" INSTRUMENT
MODEL OR CATALOG No. _ 0103
Points# Factor Specifications
15.0 Cost $1,995
20.3 Power requir d 90-125\’, 50/60 HZ, 15 watts
20.7 Volume (m3) 0.007
21.3  yeight (kg) 3.9

18.9 Complexity of use

17.0  Reliability

. } frcm user survey
113.2

USER REFERENCES

(1) 19yr Roy Cox 513/642-7015
Westreco Co.
Marysville, Ohio 43040

(2) 2m Wayne Ralph 513/562-6158
Proctor and Gamble Co.
Winton I'ill Technical Center, PE 2Ni6
Cincinnati, Ohic 45224

(3) 2 yr W. H. Rigby 614/587-0610
uwens Corning Fiberglas
Technical Center
Granville, Ohio 43023

®*See point system description.
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COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/Misc. (Spark Imaging)

VENDOR Panax Nucleonics

Montreal, Quebec, Canada

’ INSTRUMENT Beta-Graph

MODEL OR CATALOG No, (nome)

Points* Factor Specifications
11.4 Cost $5,832

10.6 Power rquired 115V, 60 Hz, 200 watts
9.1  Volume (m>) 0.187

12.2 Weight (kg) 37 (est.)

10.0 Complexity of use

1.0 Reliability ] from user survey

63.5

USER REFERENCES

1) User list not available

(2)

(3)

®See point system description.
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D-35 Code No.

32

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/Gamma Ray Spectrometry

VENDOR Panaa Nucleonics

Montreal, Quebéc, Canada

* INSTRUMENT Radiochromatogram Scanner System

MODEL OR CATALOG No, E: 0111/RRD-1

Points* Factor Specifications
10.9 Cost $7,111

10.6 Power required 220 Vv, 50 Hz, 200 watts
9.7  Volume (m3) 0.149

11.7 Weight (kg) 43.1

10.0 Complexity of use

ég'g Reliability ]} from user survey

USER REFERENCES

(1) User list not available

(2)

(3)

kSae puint system description.
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D-36 Code No. 33

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/Scintillation Photometry

VENDOR Baird-Atomic

Bedford, Massachusetts 01730

* INSTRUMENT Scaler

MODEL OR CATALOG No, 953-150

Points* Factcr Specifications
18.8 Cost $795

i5.0 Power required 110V, 60 Hz, 50 watts
ig.1 Volume (m3) 0.012

21.8 Weight (kg) 3.6

19.9 Complexity of use

17.9  Reliability ] from user survey

USER REFERENCES

(1) 5 mo The Bendix Corporation 607/563-9511
Electrical Components Division
Sherman Avenue .
Sidney, New York 13838

(2) 2 yr Charles W. Owens 603/862-1550
University of New Hampshire
Department of Chemistry
Durham, New Hampshire 03824

(3) 1yr Mr. San Antonio College 213/ ED9-7331, Ext. 212

1100 North Grand Avenue
Walnut, California 91789

®*See point system description.
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D-37 Code No. 34

COMMERCIAL HARDWARE DESCRIPTION
ASSAY PRINCIPLE Radiometric/Scintillation Photometry

VENDOR Packard Instrument Co., Inc.

Downers Grove, Illinois 60515

* INSTRUMENT Tri-Carb Spectrometer

MODEL OR CATALOG No. 2211

Points* Factor Specifications
9.5 Cost $12,100
8.2 Power required 115/230 Vv, 50/60 Hz, 575 watts
6.4 Volume (m3) 0.763
zg-g Weight (kg) 351.5
. Complexity of use
18.9  Reliability } from user survey

USER REFERENCES

1) 6 yr Dr. Davie Imes 614/422-9475
The Ohio State University
Department of Biochemistry
Columbus, Ohio 43201

() 2-1/2 yr Margaret A. Sheridan  614/299-3151, Ext. 2818
Battelle's Columbus Laboratories
505 King Avenue
Columbus, Ohio 43201

(3) 5 yr Dr. George W. Wharton 614/422-7180
The Ohio State University
Department of Entomology
Columbus, Ohio 43201

®fee point system descriptionm.
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D-38 Code No. 35

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Electrometric/Fotentiometry

VENDOR Princeton Applied Research Corp.

Princeton, New Jersey 08540

* INSTRUMENT Polarographic Analyzer

MODEL OR CATALOG No. 17%4A

Points* Factor Specifications

13.9 Cost $2,695

13.6 Power required 115/230 v, 50/60 Hz, 75 watts
14.3 Volume (m3) 0.031

17.7  Weight (kg) 8.2

13.5 Complexity of use

ég'g Reliability } from user survey

USER REFERENCES

1) 2yr Jerry Colonel 513/684-3510
U. S. Food and Drug Administration
1141 Central Park Way
Cincinnati, Ohio 45239

(2) 9 mo Dr. Bill Heineman 513/475-5325
Department of Chemistry
University of Cincinnati
Cincinnati, Ohio 45221

(3 lyr Carter Olson 614/422-6794
The Ohio State University
500 West 12th Avenue
Columbus, Ohio 43210

®See point system description.
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ASSAY PRINCIPLE

D-39 Code No. 36

COMMERCIAL HARDWARE DESCRIPTION

Photometric/Absorption/Ultraviolet

VENDOR

Schoeffel Instrument Corp.

Westwood, New Jersey 07625

" INSTRUMENT

Spectrodensitometer

MODEL OR CATALOG NO.

SD-3000 with SDC 302

Points* Factor Specif.ications

10.4 Cost $8,627
8.5 Power required 110/220 v, 50/60 Hz, 500 watts
9.1  Volume (m3) 0.186

10.0 Weight (kg) 80 (est.)

20.3 Complexity of use

22.3  Relisbility J from user survey

80.6

USER REFERENCES

Q) 7 yr
(2) 5yr
(3) 2yr

David S. Love, Ph.D. 216/368-2118
Case Western Reserve University

School of Medicine

Department of Anatomy

Cleveland, Chio 44106

Helen K. Berry 513/559-4451
Children's Hopsital Research Foundation
Elland and Bethesda Avenues

Cincinnati, Ohio 45229

Mark D. Seymour 513/562-9462
Proctor & Gamble (Miami Valley Labs)
Box 39175

Cincinnati, Ohio 45247

*See point system description.
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D~40 Code No. 37

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Radiometric/Scintillation Photometry

The Nucleus, Inc.

USER REFERENCES

(1) 7 mo
(2) 2yr
(3 1yr

VENDOR
Oak Ridge, Tennessee 37830
* INSTRUMENT Nuclear Scaler
MODEL OR CATALOG No. 00
Pointsg* Factor Specifications
23.1 Cost $350
16.4 Power required 105-125 V, 50/60 Hz, 35 watts
19.5 Volume (m3) 0.009
18.9 Weight (kg) 6.4
20.2 Complexity of use
17.1  Reliability } from user survey
115.2

Donald G. Hopkins 815/725-6220, Ext. 53
Joliet West High School
401 North Larkin- Avenue
Joliet, Illinois 60435

Dr. James C. Wilkes  205/566~3000, Ext. 241
Troy State University

Department of Biology

Troy, Alabama 36081

Barbara Reed 813/924-1351
Riverview High School

4850 Lords Lane

Sarasota, Florida 33581

®See point system description.
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COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Multiparameter Cell Analysis

VENDOR Becton Dickinson Electronics Laboratories

Mountain View, California

* INSTRUMENT Fluorescence Activated Cell Sorter
MODEL OR CATALOG No. _FACS-1

Points* Factor Specifications

6.0 Cost $75,000

6.0 Power required 1 @, 115V and 3 @, 208V; 60 Rz; 2006 watts

3.8 Volune (m3) 6.118

6.2 Weight (kg) 544.3

10.0 Complexity of use

10.0 Reliability 3} from user survey

42.0

USER REFERENCES

(1) Users not available

(2)

(3)

tSee point system description.
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D-42 Code No. 39

COMMERCIAL LARDWARE DESCRIPTION

ASSAY PRINCIPLE

Photometric/Emission/Fluorometry

American Instrument Co.

USER REFERENCES

(1) 15 yr
(2) 7 yr
(3) 10 yr

VENDCR
Silver Spring, Maryland
- INSTRUMENT Aminco-Bowman Spectrophotofluorometer
MODEL OR CATALOG No. 8202
Points*® Factor Specifications
11.3 Cost $6,075
9.7 Power required 115v, 50/60 Hz, 290 watts
10.3  Volume (m3) 0.113
10.7 Weight (kg) 61.2
26.7 Complexity of use
21.3 Reliability 3} from user survey

Mr. Jim Seay 614/422-5326
The Ohio State University Hospital
Endocrinology Department

410 West 10th Avenue

Columbus, Ohio 43210

Dr. Elizabeth Gross 614/422-9480
The Ohio State University
Department of Biochemistry

484 West 12th Avenue

Columbus, Ohio 43210

Dr. Allen Burkman 614/422-70C5
The Ohio State University

College of Pharmacy

500 West 12th Avenue

Columbus, Ohio 43210

®See point system description.
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ASSAY PRINCIPLE

D-43 Code No.

40

COMMERCIAL HARDWARE DESCRIPTION

Photometric/Emission/Fluorometry

VENDOR

American Instrument Co.

Silver Spring, Maryland

" INSTRUMENT

Fluoro-Colorimeter

MODEL OR CATALOG NO.

4-7440

Points* Factor Specifications
16.0  Cost $1,545
7.1 Power rquired 115v, 50/60 Hz, 990 watts
15.1 Volune (m”) 0.025
18.6 Weight (kg) 6.8
22.3 Complexity of use
18.8  Reliability J from user survey
97.9

USER REFERENCES

(1) 2 yr
(2) 6 yr
(3) 1lyr

Dr. W. A. Wood 517/355-1605
Michigan State University
Biochemistry Department

East Lansing, Michigan 48824

Dr. Clarence Goodnight 616/383-1674
Western Michigan University
Department of Biology

Kalamazoo, Michigan 49008

Dr. Sal Fusari 313/567-5300, Ext. 5629

Park-Davis Laboratorles
Analytical Development
Detroit, Michigan 48232

*See point system description.
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Code No. 41

D-44

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Photometric/Absorption/Visible

VENDOR

Transidyne General Corp.

Ann Arbor, Michigan 48106

“INSTRUMENT

Scanning Densitometer

MODEL OR CATALOG NO.

TG 2970

Points* Factor Specifications
13.5 Cost $2,950
9.6 Power required 115/220 v, 50/60 Hz, 300-250 watts
12.4 Volume (m3) 0.055
13.8 Weight (kg) 22.2
18.7 Complexity of use
16.8 Reliability ] from user survey

USER REFERENCES

(1) "7 mo

(2)

(3)

Skipp Stensel 313/681-1027
Oakland Diagnostic Lab

2711 Pontiac Lake Road

Pontiac, Michigan 48054

No more users available

*See point system description.
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Code No. 42

D-45

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Photometric/Absorption/Visible

VENDOR Glenco Scientific Inc.
Houston, Texas 770n7
* INSTRUMENT Dual-Channel Differential Absorbance Monitor
MODEL OK CATALOG No. _ 56~V .
Points* Factor Specifications
15.6 Cost $1,695
20.3 Power required 115v, 50/60 Hz, 15 watts
20.1 Volume (m3) 0.008
20.6 Weight (kg) 4.5
12.2 Complexity of use

17.1 Reliability
105.9

USER REFERENCES

1) 1-1/2 yr
(2) 2 mo
3 1yr

] fica user survey

Dr. J. H. Harrison 919/933-6193
Dept. of Chemistry

University of North Carolina

Chapel Hill, North Carolina 27514

Donald S. Kirkpatrick, Ph.D. 713/790-4638
Baylor Coilege of Medicine

Dept. of Ophthalmology

1200 Moursund

Houston, Texas 77025

Dr. Roger L. Lundblad 919/966-1564
University of North Carolina
Chapel Hill, North Carolina 27514

*See point system description.
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D-46 Code lMo. 43

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Paitern Recognition Computer

USER REFERENCES

(1) 10 mo
(2) 9 mo
(3) 1lyr

VENDOR Spatial Data Systems, ln:,
Goleta, California 93017
* INSTRUMENT Compute: Eye
1
MODEL OR CATALOG No.  1U& 1A
Points* Factor Specifications
9.2 Cost $13,900
11.2 Power required 105-130 V, 60 Hz, 165 watts
11.4 Volume (m3) 0.078
12.1 Weight (kg) 37.6
ig:g ::TgigiiiiyOf use} from user survey
72.6

W. D. McFarland, Asst. Prof. 314/882-3078
Univeraity of Missouri - Columbia

Electrical Engineering, Room 339

Columbia, Missouri 65201

Dr. Thomas H. VonderHaar 303/491-8566
Colorado State University

Dept. of Atmospheric Science

Ft. Collins, Colorado 80523

B. K. P. Horn 617/253-6218
MIT A.I. Laboratory

545 Technology Square
Cambridge, Massachusetts (2139

*See point system descriptionm.



ASSAY PRINCIPLE

D47 Code No. 44

COMMERCIAL HARDWARE DESCRIPTION

Pattern Recognition Computer

USER REFERENCES

(1) 1yr
(2)

2 yr
(3)

2 yr

VENDOR Spatial Data S, items, Inc.
Goleta, California 93017

" INSTRUMENT Datacolor Image Analyzer

MODEL OR CATALOG No. _ T704-12A

Points* Factor Specitications
9.3 Cost $13,500
7.9 Power required 117v, 60 Hz, 650 watts
6.4 Volume (m3) 0.757

1?'3 Wetght (kg) 136.1

. Comploxity of ure
16.9 Reliability ] from user survey
65.2

Dr. Rex Petersor 402/472-3471
Remote Sensing Center

University of Nebraska

Room 113, Nebraska Hall

Lincoln, Nebraska 68508

David Gaucher 315/330-2353
Calspan~Rome Air Development Center
Griffiss Air Force Base

Rome, New York

I'. W. Gallagher 716/632-7500
Calipan Corp.

P. 0. Box 235

Buffalo, New York 14221

“See point system description.
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Code No. 45

D-48
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Light Microscopy
VENDOR Bausch and Lomb, Scientific Optical Products Div.
Rochester, New York 14602

* INSTRUMENT Balplan Biological Microscope
MODEL OR CATALOG No,  BST 3 ZIH

Points* Factor Specifications
16.4 Cost $1,388

30.4 Power required 115V, 60 Hz, 3 watts
14.3 Volume (m3) 0.031

13-g Weight (kg) 6.8

19. Complexity of use

il%;% Reliability ) from user survey

1 *

USER REFERENCES

(1) 10 mo Robert Rackley 919/966-1134
Medical Sciences Teaching Laboratories
School of Medicine
University of North Carolina
Chapel Hill, North Carolina 27514

(2) 8 mo William A. Hawk, M.D. 216/229-2200
Cleveland Clinic
9500 Euclid Avenue
Cleveland, Ohio 44040

(3) 1-1/2 yr Lee A. Drake 315/394-3500
Community College of Faiger Lake
120 N. Main Street
Canandaiqua, New York 14424

*See point system description.



ASSAY PRINCIPLE

D-49 Code No. 46

COMMERCIAL HARDWARE DESCRIPTION

Electrometric/Conductimetry

VENDOR Leeds and Northrup Co.

North Wales, Pennsylvania 19454
* INSTRUMENT Electrolytic Conductivity Monitor
MODEL OR CATALOG No, _ /075-1-152
Points* Factor Specifications
26.0 Cost $220
22.5 Power required 120V + 10Z, 50/60 Hz, 10 watts
22,6 Volume (m°) 0.005
24.4 Weight (kg) 2.3
7.9 Complexity of use -
16.1 Reliability } from user survey

=
)
w

UGSER REFERENCES

(1) 8 mo
(2) 2 mo
(3) 7 mo

Stone Container Corp. 614/622-6649
North Fourth Street
Coshocton, Ohio.

Mr. Gordon Pridday 419/228-3232, Ext.

Vistron Corp.
Box 628
Lima, Ohio 45801

Hach Chemical Company 515/232-2533
P. 0. Box 907
Ames, Iowa 50010

*See point system description.
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Code No. 47

D-~-50

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Pattern Recognition Computer

VENDOR

Geometric Data Corp.

Wayne, Pennsylvania 19087

Hematrak Automated Differential Counter

MODEL OR CATALOG NO.

so0ints*® Factor Specifications

5.6 Cost $99,500

5.8 Power required 115V, 60 Hz + 10Z, 2300 watts
5.2 Tolume (m3) 1.790

7.7 Weight (kg) 226.8
15.6 Complexity of use
14.2 Reliability } from user survey

USER REFERENCES

1) 3 mo
(2) 4 mo
(3) 18 mo

Clinical Laboratory 202/981-6005
Malcolm Grow USAF Medical Center
Andrews Air Force Base, Maryland

M. Homayouni, M.D. 202/574-6554
Greater S.E. Community Hospital

1310 Southern Avenue, S.E.
Washington, D.C. 20032

John J. Egan, M.D. 302/652-4111
Wilmington Medical Center

Suite 5, Professional Bldg.
Wilmington, Delaware 19803

*See point system description.
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Code No. 48

D-51
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Electrometric/Conductimetry

VENDOR Balsbaugh Laboratories, Inc.

South Hingham, Massachusetts 02043

* INSTRUMENT Electrodeless Conductivity Monitor

MODEL OR CATALOG NO. 1200 w#ith 1200-AT-C cell

Points* Factor Specifications

20.9 Cost $525

22.5 Power required 105-125 vV, 50/60 Hz, 10 watts
19.5 Volume (m3) 0.009

20.6 Weight (kg) 4.5

15.9 Complexity of use

17.1 Reliability } from user survey

USER REFEERENCES

(1) 2 mo Mr. Oscar Koski 509/942-3581
Battelle, Pacific Northwest Laboratories
Building 305-B, "300 Area
Richland, Washington 99352

(2) 1yr Mr. Louis H. Johnson 904/968-6311, Ext. 7479
Monsanto Textiles Co.
P. 0. Box 12830
Pensacola, Florida 32575

(3) 2 yr D. W. McCoombs, Plant Engineer 617/668-0175
Kendall Co.
Northern Mfg. Div.
West Street
Walpole, Massachusetts 02081

*See point system description.
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ASSAY PRINCIPLE

Code No. 43

D-52
COMMERCIAL HARDWARE DESCRIPTION

Photometric/Refraction/Polarimetry

USER REFERENCES

(1)

(2)

(3)

VENDOR Epic, Inc.
New York, New York 10038
* INSTRUMENT Polarimeter
MODEL OR CATALOG No. _F70-4
Points? Factor Specifications
9.7 Cost $11,325
12.6 Power required 110v, 50/60 Hz, 100 watts
13.9 Volume (m3) 0.035
10.7 Weight (kg) 60.8
10.0 Complexity of use
10.0 Reliability } from user survey
66.9

Only foreign users; names not readily available

*See point system description.



D-53 Code No. 50

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Refraction/Polarimetry

VENDOR Rudolph Research

Fairfield, New Jersey 07006

* INSTRUMENT Automatic Polarimeter

MODEL OR CATALOG No. Autopol III

Points* Factor Specifications
10.6 Cost $8,000

10.0 Power required 110v, 60 Hz, 250 watts
13.4  Volume (m3) 0.040

13.7 Weight (kg) 22.7

10.0 Complexity of use

10.0 Reliability ] from user survey

(=]
~
.

~J

USER REFERENCES

(1) New instrument; users not yet available

(2)

(3)

*See point system description.
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Code No. 51

D-54

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Photometric/Refraction/Polarimetry

Rudolph Instruments Engineering Co., Inc.

VENDOR
Little Talls, New Jersey 07424

" INSTRUMENT Automatic Polarimeter

MODEL OR CATALOG NO. _ AP7 A4l

Points* Factor Specifications
10.0 Cost $9,950

8.5 Power required 115v, 60 Hz, 500 watts
8.2 Volume (m3) 0.283

15.6 Weight (kg) 13.6

10.0 Complexity of use

10.0 Reliability ] from user survey

[~
N
w

"

USER REFERENCES

1)

(2)

(3)

Users list ncot available

*See point system description.
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Code No. 52

D-55
COMMERCIAL HARDWARE DESCRIPT.ON

ASSAY PRINCIPLE Radiometric/Gamaa Spectrometry

VENDOR Panax Nucleonics

Montreal, Quebec, Canada

* INSTRUMENT Automatic Gamma Spectrometer

MODEL OR CATALOG No. C-0523/GTA-15

Points* Factor Specifications
8.8 Cost $16,925
10.6 Power required 220V, 50 Hz, 200 watts
6.5 Volume (m3) 0.713
18-; Weight (kg) 409.0
. Complexity of use
;2.2 Reliability } from user survey

USER REFERENCES

(1) Only foreign users available

(2)

(3

*See point system description.



ASSAY PRINCIPLE

VENDOR

Code No. 53

D-56
COMMERCIAL HARDWARE DESCRIPTION

Light Microscopy

Olympus Corp. of America

New Hyde Park, New York 11040

" INSTRUMENT

Research Microscope

and Polaroid camera attachments

Pointe* Factor Specifications
12.1 Cost $4,691
15.0 Power required 120V, 60 Hz, 50-30 watts
12.0 Volume (m3) 0.063
i;g Weight (kg) 9.1

. Complexity of use, .. .
;g.i Reliability } from user survey

USER REFERENCES

(1) 1l mo
(2) 1 mo
(3) 5 yr

Christine H. Block 215/643-0200, Ext. 668
Rohm & Haas Co.

Noxristown & McKean -Roads

Spring House, Pennsylvania 19477

Dr. R. Quinton-Cox 503/225-8966
University of Oregon Health Sciences Center
611 S.W. Campus Drive

Portland, Oregon 97201

Rudolf Schmid 415/642-3506
Dept. of Botany

University of Califcrnia

Berkeley, Celifornia 94720

*See point syscem description.
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ASSAY PRINCIPLE

VENDOR

=57 Code No. 54

COMMERCIAL HARDWARE DESCRIPTION
Photometric/Absorption/Visible

Zena Corp.

South Plainfield, New Jersey 07080

" INSTRUMENT

Colorimeter

MODEL OR CATALOG No. UK-VIII

Pointsg#* Factor Specifications
20.8 Cost $539
20.3 Power required 220V, 50/60 dz, i5 watts
18.5 Volume (m3) 0.011
ig-g Weight (kg) 6.5

. Complexity of use
;g.g Reliability ] from user survey

USER REFERENCES

1)

(2)

(3)

No users available

*Sece point system description.
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Code No. 55

D-58
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Visible

VENDOR Helena Lagg:atories

Beaumont, Texas

* INSTRUMENT Quick-Scan Densitometer

MODEL OR CATALOG No. 1020

Points* Factor Specifications

14.0 Cost $2,600

11.0 Power required 115v, 50/60 Hz, 175 watts
12.5 Volume (m3) 0.053

15.0 Weight (kg) 15.9

17.6 Complexity of use .

15.9 Relisbility ] from user survey

USER REFERENCES

(1) 18 mo Mrs. M. A. Renn 212/270-4621
Pathology - Sp. Chemistry
The Brooklyn Hospital
Brooklyn Cumberland Medical Center
121 Dekalb Avenue
Brooklyn, New York 11201

(2) 1-1/2 yr Dr. Lawrence L. Frost, M.D. 213/747-4261
Clinical Pathology Medical Group
1200 West Olympic Blvd.
Los Angeles, California 90015

(3) 2 yr Joe H. Zaletel 515/284~3371
Pathology-Clinical Chemistry
Mercy Hospital
6th - University
Des Moines, Iowa 50314

*Saee point system description.
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ASSAY PRINCIPLE

Code No. 56

P

D~-59
COMMERCIAL HARDWARE DESCRIPTION

Photometric/Absorption/Visible

VENDOR

Gamma Scientific Inc.

San Diego, California 92123

" INSTRUMENT

Automatic Scanning Microdensitometer

MODEL OR CATALOG No. 2900 HR with 700-10-90-13

and /00-10-> conversions

Points* Factor Specifications
10.1 Cost 89,570
22.5 Power required 95-125/190-250 V, 50/60 Hz, 10 watts
9.0 Volume (m3) 0.197
ig % Weight (kg) 71.0
. Complexity of use
16.8 Reliability ]} from user survey

USER REFERENCES

1) 1-1/2 yr

(2) 2yr

(3) 5 yr

*See point system

Larry C. Anderson 312/647-8800, Ext. 2283
A. B. Dick Co.

5700 W. Touhy Avenue

Chicago, Illinois 60648

Vernon W. Dryden, Ph.D. 213/351-12790
Xerox Corp.

P. 0. Box 5786

125 h. Vinedo Street

Pasadena, California 91107

P. M. Kay 216/587-6660
A-M Corporation

Multigraphics Jevelopment Center
19701 South Milies Road
Warrensville Heigits, Ohio 44128

description.
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D-60 Code No.
COMMERCIAL HARDWARE DESCRIPTION
ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet
VENDOR International Light, Inc,

Newburyport, Massachusetts 01950

“INSTRUMENT UV Radiation Monitor

MODEL OR CATALOG NO. _ IL-530

Points* Factor Specifications

18.6 Cost $834

15.0 Power required 115/230 v, 50/60 Kz, 50 watts (est.)
20.7 Volume (m3) 0.007

23.2  yeight (kg) 2.8

10.0 )

100 Cor,.lexity of use} from user survey

Reliability

|

o
~J
.

w

USER REFERENCES

(1) Users not available

(2)

(3)

*See point system description.
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Lilly Research
Indian-polis, Indiana 46206

*See point system description.

D-61 Code No. 58
COMMERCIAL HARDWARE DESCRIPTION
ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet
VENDOR Sct.oeffel Instrument Corp.
Westwood, New Jersey 07675
“ INSTRUMENT Spectroflow Monitor
MODEL OR CATALOG No. SF-770
Points#* Factor Specificoaticr
12.6 Cost $3,960
15.0 Power required 115 +10V, 6C Hz, S50 watts
16.2 Volume (m3) 0.019
15.2 Weight (kg) 15.0
17.6 Complexity of use
13.9 Reliability } from user survey
90.5
USER REFERENCES
1) 6 mo John Bodenmiller 350/948-9111
Merrell-National Laboratories
110 East Amity Road-
Zincinnati, Ohio 45215
(2) 1 mo Caesar Pilla 215/MU-8-4000 Ext. 554
Wyeth Laboratories
Box 8299
Philadelphia, Pennsylvania 19101
(3) 1yr Dr. N. Neus 317/261-4073



Code No. 59

D-62
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet

VENDOR Transamerican Ianstrument Corp.

Emerson, New Jersey 07630

“ INSTRUMENT Spektrouom UV Spectrophotometer

MODEL OR CATALOG No, 204

Points* Factor Specifications

13.5 Cost $2,995

13.6 Power required 200 v + 10-15%Z, 50 Hz, 75 watts
10.8 Volume (m3) 0.095

10.9 Weight (kg) 58.0

10.0 Complexity of use

10.0  Reliability j from user survey

(=)
[»]
oo

USER REFERENCES

(1) Only foreign users available

(2)

(3)

*See point system description.
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D-63 Code No.

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE  Photometric/Refraction/Light Scatter

60

_VENDOR Chrono-Log Corp.

Havertown, Pennsylvania 19083

"INSTRUMENT ~ ___ Platelet Ageregometer

MODEL OR CATALOG NO. _ 300

Points* Factor Specifications

18.1 Cost $935

14.4 Power required 115V, 60 Hz + 5%, 60 watts
19.5 Volume (m3) 0.009

20.6 Weight (kg) 4.5

15.5 Complexity of use

21.6 Reliability } from user survey

1C9.7

USER REFERENCES

(1) 5 yr Linda Bowman

3398 Scranton Road
Cleveland, Ohio 44109

(2) 1-1/2 yr  Sue Granger 513/559-4268

216/398-6000, Ext. 41liJ
Cleveland Metropolitan General Hospital

Cincinnati Children's Hospital Research Foundation

rlland & Bethesda Avenue
Cincinnati, Ohio 45229

(3) 10 yr Ms. Mariarne Miller 513/872-4234
Cincinnati General Hospital
Dept. of Internal Medicine,
Hematology, Coagulation Lab
231 Bethesda Avenue
Cincinneti, Ohio 45267

*See point system description.



ASSAY PRINCIPLE

Code No. 61

D-€4
COMMERCIAL HARDWARE DESCRIPTION

Photometric/Refraction/Refractometry

VENDOR Waters Associates, Inc.
Milford, Massachusetts 01757
* INSTRUMENT Differential Refractometer
MODEL OR CATALOG NO. R404
Points* Factor Specifications
14.3 Cost $2,400
28.3 Power required 115 v, 50/60 Hz, &4 watts
20.7 Volume (m3) 0.007
17.7 Weight (kg) 8.2
17.1 Complexity of use
15.8 Rel;iability } from user survey
113.9

USER REFERENCES

(1)

)

6 mo

2 yr

3 yr

Dr. L. M. Beacham 919/549-8371
Burroughs Welcome

3030 Cornwallis Road

Durham, North Carolina 27709

B. P. Korzun 201/277-5292
Ciba-Geigy Corp.

Morris Avenue

Sumnit, New Jersey 07901

Joanna Fowler 516/345-4365
Brookhaven National Laboratory
Chemistry Dept.

Upton, New York 11973

*See point system description.
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ASSAY PRINCIPLE

VERDOR

D-65 Code No. 62

COMMERCIAL HARDWARE DESCRIPTION

Photometric/Refraccion/Refractometry

Bausch and Lomb, Analytical Systems Div.

Rochester, New York 14625

“INSTRUMENT

Precision Hand Refractometer

MODEL OR CATALO

G NO. 33-45-32

Points* Factor Specifications
21.2 Cost $495

50.0 Power required None

40.1 Volume (m3) 0.0005

40.5 Weight (kg) 0.3

22.6 Complexity of use

20.1 Reliadb
194.5

USER REFERENCES

1) 3yr
(2) 6 mo
(3) 0 yr

*See point syst

111ty } from user survey

Alfred Clancy 617/531-1700, Fxt. 60
Eastman Gelatine Corp.

227 Washington Street

Peabody, Massachusetts 01960

Bill Houston 513/868-517

Champion Paper Division of Chamj International Corp.
Hamilton Mill

601 North B Street

Hamilton, Ohio 45013

Paul Rebit 615/266-7191
Brach Candy Company

P. 0. Box 1407

1113 Chestnut Street
Chattanooga, Tennessee 37401

em description.



D-66 Code No. 63

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Refraction/Nephelometry

VENDOR Hach Chemical Co.

Ames, Iowa

“ INSTRUMENT Analytical Nephelometer

MODEL OR CATALOG No. 2424-20

Points* Factor Specifications

19.6 Cost $675

16.4 Power required 95-135 Vv, 50/60 Hz, 35 watts
17.1 Volume (m3) 0.015

18.0 Weight (kg) 7.7

10.0 Complexity of use

10.0 Reliability } from user survey

USER REFERENCES

(1) No user list available

(2)

(3)

*See point system description.
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D-67 Code No. 64

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Refraction/Light Scatter

VENDOR Hach Chemical Co.

Ames, Iowa 50010

* INSTRUMENT Laboratory Turbidimeter

MODEL OR CATALOG No. 2100-10

Pointsg* Factor Specifications

20.6 Cost $550

16.4 Power required 95-135 v, S0/60 Hz, 35 watts
17.1 Volume (m3) 0.015

18.0 Weight (kg) 1.7

10.0 Complexity of use

10.0 Reliability } from user survey

USER REFERENCES

(1) No user list available

(2)

(3)

*See point system description.
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ASSAY PRINCIPLE

Code No., 65

D-68

COMMERCIAL HARDWARE DESCRIPTION

Photometric/Absorption/Ultraviolet

USER REFERENCES

1)

(2)

13)

3 mo

VENDOR Beckman InstrumentsInc., Scientific Instrument Div.
Irvine, California 92664
* INSTRUMENT ACTA M-VII UV-VIS-NIR Spectrophotometer
MODEL OR CATALOG No. _133700
Points* Factor Specifications
7.7 Cost $27,800
9.4 Power required 110v, 60 Hz, 330 watts
7.0 Volume (m3) 0.537
9-§ We .c (kg) 113.0
11. Complexity of use
13.9 ReTgability ]} from user survey
58.7

Dr. V. A. Zeitler 713/233-3180
Dow Chemical USA

B-1219 Bldg., Texas Division

Freeport, Texas 77566

D. M. Fenstermacher 505/264-8739
Sandia Laboratories 2441

AEC/ERDA

P. 0. Box 5800, KAFB east.
Albuquerque, New Mexico 87115

Ltc. Louis Hagler 414/561-4147
Letterman Army Institute of Research
Department of Medicine

Presidio of San Francisco

San Francisco, California 94129

*See point system description.
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Code No. 66

D-69
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Pattern Recognition Computer (Image Analyzer)

VENDOR Bausch and Lomb, Analytical Systems Division

Rochester, New York 14625

* INSTRUMENT Omnicon Feature Count System

MODEL OR CATALOG No. 37-50-20-01

Points* Factor Specifications
8.3 Cost $20,790

12.4 Power required 95-130 Vv, 50/60 Hz, 110 watts
8.2  Volume (m3) 0.290

12.0 Weight (kg) 39.5

14.8 Complexity of use o

14.7  Reliabiliiy } from user survey

70.4

USER REFERENCES

1) 3yr Dean Russell 205/453-2047
NASA
ES32, Marshall Space Flight Center
Huntsville, Alabama 35812

(2) 2 yr Gary Robertson 313/956-3597
Chrysler Corporation
P. 0. Box 1118
Detroit, Michigan 48231

(3) 18 mo D. F. Lentz 513/425-2048
Armco Steel
703 Curtis Street
Middletown, Ohio 45042

*See point system description.



Code No. 67

D-70
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric (photon counting)

VENLOR Ortec, Inc.

Oak Ridge, Tennessee 37830

 INSTRUMENT Scanning Densitometer

MODEL OR CATALOG No. %4310-115

Points* Factor Specifications

11.1 Cost $6,580

9.3 Power required 115/230 Vv, 50/60 Hz, 345 watts
8.5 Volume (m3) 0.249

11.9  Weight (kg) 40.8

18.9 Complexity of use

15.4 Reliability } from user survey

USER REFERENCES

(1) 1yr Dr. Stephen J. Mayor 419/385-7461, Ext. 726
Medical College of Ohio at Toledo
P. 0. Box 6190
Toledo, Ohio 43614

(2) 3 mo Rakesh Goorha 901/525-8381, Ext. 265
St. Jude Children's Research Hospital
P. 0. Box 318

Memphis, Tennessee 38101

(3) 1lyr W. R. Finnerty, Ph.D. 404/542-8902
University of Georgia
Department of Microbiology
Athens, Georgia 30602

*See point system description.
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D-71 Code No. 68

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Visible

VENDOR Camag, Inc.

New Berlin, Wisconsin 53151

“INSTRUMENT Electrophoresis Scanner

MODEL OR CATALOG No. 80101

Points* Factor Specifications

11.4  Cost $6,000

17.1 Power required 100-120 Vv, 60 Hz, 30 watts
12.1 Volume (m3) 0.060

4.4 Weight (kg) 19.0

16.7 Complexity of use

16.8 Reliability } from user survey

(o]
o
wn

USER REFERENCES

(1) 6 mo Prof. Dr. G. Piekarski
University of Bonn
Institute of Medical Parasitology
D-23 Bonn-Venusberg
Fed. Republic of Germany

(2) 8 mo Department of Clinical Chemistry
Kantonsspital Aarau
Aarau, Switzerland 5001

(3) 2 yr Institut Dr. Viollier
Spalenring 147, Postfach
4002 Basel
Schweiz

*See point svstem description.
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Code No. 69

D-72
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Microcalorimetry

VENDOR Perkin-Elmer Corp.

Norwalk, Connecticut 06856

“ INSTRUMENT DSC-2 Differential Scanning Calorimeter

MODEL OR CATALOG NO. 319-0001

Points* Factor Specifications
9.2 Cost $13,560

10.3 Power required 115v, 60 Hz, 230 watts
8.0 Volume (m3) 0.315

10.0 Weight (kg) 81.6

10.5 Complexity of use

ég'g Relisbility ] from user survey

USER REFERENCES

(1) 1lyr Allen R, Tice 603/643-3200
USA CRREL
Box 282
Hanover, New Hampshire 03755

(2) 15 mo Harvey E. Bair 201/582-2381
Bell Labs

Murray Hill, New Jersey 07974

(3) 2-1/2 yr Anthony Wereta, Jr. (Capt.) 513/255-4685
Air Force Materials Laboratory
AFML /MBP
Wright-Patterson AFB, Ohio 45433

*See point system description.
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D-73 Code No. 70

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Refraction/Refractometry

VENDOR Rudolph Research

Fairfield, New Jersey

* INSTRUMENT Routine Ellipsometer

MODEL UR CATALOG NO. RR 100

Poinis* Factor Specifications

11.4 Cost $5,978

12.6 Power required 115 v, 50/60 Hz, 100 watts
10.9 Volume (m3) 0.091

14.5 Weight (kg) 18.1

20.0 Complexity of use

15.1 Reliability ] from user survey

84.5

USER REFERENCES

1) 15w Dale H. Wyker 215/439-5621
Western Electric Co., Inc.
555 Union Blvd.
Allentown, Pennsylvania 18103

(2)  1-1/2 yr C. T. Naber 612/853-3433
Control Data Corporation
P. 0. Box 1249
Minneapolis, Minnesota 55440

(3) 0 mo Gene ‘ohnson
Tau Labs
P. 904, Page Industrial Park
Poughkeepsie, New York 12603

*See point system description.




D-74 Code No. 71

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Photometric/Refraciiocn/Refractometry

VENDOR

Laboratory Data Control

tiviera Beach, Florida 33404

" INSTRUMENT

Refract -Monitor

MODEL OR CATALOG NO.

1107

Pointa* Factor Specifications

14.3 Cost $2,359

19.7 Power required 105-125 v, 60 Hz, 17 watts
20.1  yolume (md) 0.008

18.9 Weight (kg)

18.5  Reliability

USER REFERENCES

(1) 2 yr
(2) 3yr
{3)

Complexity of use

6.4

} from user survey

P. W. Almquist 512/926-2800
Tracor Ingstruments

6500 Tracor Lane

Austin, Texas 78721

Reed C. Williams 302/453-2711
DuPont

Instrument Products, Glasgow
Wilmington, Delaware 19898

*See point system description.
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D-75 Code No. 72

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Photometric/Refraction/Forward Light Scatter

VENDOR

C. N. Wood Mfg. Co.

Newtown, Pennsylvania 18940

" INSTRUMENT

Duophotometer

MODEL OR CATALOG NO.

5200 with DMR 300 & BCD o it

Points* Factor Specifications
11.8 Cost 55,245

11.4 Power required 115v, 60 Hz, 150 watts
10.5 Volume (m>) 0.107

11.8 Weight (kg) 42,2

16.2 Complexity of use

16.1 Reliability
77.8

USER REFERENCES

1) 2 yr
(2) 18 mo
(3)

] from user survey

M. Tomozawa 518/270-6451
Rensselaer Polytechnic Institute
Materials En,ineer*-g Dept.
Troy. New York 1718C

Jerome Lichtenstein  201/469-1222, Ext. 299
Pharmacia Labs, Inc.

800 Centennial Avenue

Piscataway, New Jersey 08854

*See peint system description.
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Code No. 73

D-76

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Photometric/Refraction/Forward Light Scatter

VENDOR

Science Spectrum

Santa Barbara, California 93105

" INSTRUMENT

Light Scattering Photometer

MODE.. OR CATALOG NO.

Differential I with Argon Laser

Pofnts* Factor Specifications
9.6 Cost $11,700
10.6 Power required 110-120 Vv, 60 Hz, 200 watts
10.6 Vol 'm3) 0.101
13-; Weiy .. .kg) 33.1
17. Complexity of use
%3_; Reliability 1 from user survey

USER REFERENCES

¥ 2-1/2 yr

(2) 4 yr

3)

S. E. Trifilette 202/57. -8372
ICI Uniced 3tates, Inc.

Murphy Road &-Concord Pike - CRDL
Wilmington, Delaware 19897

Derry D. Cook 315/268-6630
Clarkson College
Potsdam, New York 13676

*See poin. svstem description.
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D-77 Code No. 74

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Particle Counting/Electro-Conductimetric

VENDOR Royco Instruments, Inc.

Menlo Park, California 94025

* INSTRUMENT Cell-Crit

MODEL OR CATALOG NO. 920

Points* Factor Specifications

13.8 Cost $2,750

15.0 Power required 115230 Vv + 10%, 50/60 Hz, 50 watts
16.9 Volume (m3) .016

17.3 Weight (kg) 9.1

16.4 Complexity of use .

14.8 Reliability 1 fror user survey

O
£
N

USER RETERENCES

M) 3 mo Lanny J. Keyston 408/293-0262, Ext. 491
Santa Clara Valley Medical Center
751 South Bascon Avenue
San Jose, California 95128

(2) 2 mo Joseph A. Preston, M.D. 303/822-2237
1635 Marion
Denver, Colorado 80218

3)

*Saee point system description.



Code No. 75

D-78
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Refraction/Forward Light Scatter

VENDOR Recognition Systems, Inc.

Van Nuys, California

* INSTRUMENT Ditfraction Pattern Sampling Unit

MODEL OR CATALOG NO. DPSU-1

Points* Factor Spec.fications
14.2 Cost $2,450

17.9 Power required 115v, 60 Hz, 25 watts
14.8 Volume (m3) 0.027

20.0 Weight (kg} 5.0

14.0 Complexity of use

12.0 Reliability ] from user survey

92.9

USER REFERENCES

1€ B S G. E. Lukes 703/664~6175
Research Institute
Engineer Topographic Laboratories
Fort Belvoir, Virginia 22060

(2) 5 m Dr. Robert L. Bond 501/375-7247
University of Arkansas
Grad. Inst. of Tech.
P, 0. Box 3017

o) Little Rock, Arkansas 72203

*See point system description.
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D-79 Code No. 76

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Microcalorimetry

VENDOR Perkin-Elmer Corp.

Norwalk, Connecticut 06856

* INSTRUMENT DSC-1B Differential Scanning Calorimeter

MODEL OR CATALOG No, __219-013Y

Points* Factor Specifications
10.9 Cost $7,100
12.6  Power required 117V, 60 Hz, 100 watts
11.5  volume (m3) 0.075
14.5 Weight (kg) 18.1
18.1 Complexity of use
%%;g Reliability } from user survey

USER REFERENCES

(63 10 yr H. E. Bair 201/562~21381
Bell Labs
Murray Hill, New Jersey 07974
3yr Dr. Edward M. Bairall II 203/486-2441
(2) IBM Research

IMS U-136 University of Connecticut
Storrs, Connecticut 06268

(3)

*See point system description.



ASSAY PRINCIPLE

VENDOR

Code No. 77

D-80

COMMERCIAL HARDWARE DESCRIPTION

Immunologically Based/Agglutination

Payton Associates, Inc.

Buffale, New York 14202

" INSTRUMENT

Single-Channel Aggregation Module

MODEL OR CATALOG NO.

300-D

Points* Factor Specifications
16.4 Cost $1,375
13.8 Power required 105-125 Vv, 60 Hz + 5%, 70 watts
23.8 Volume (m°) 0.004
17.3  Weight (kg) 9.1
15.4 Complexity of use
20.9 Reliability } from user survey
107.6

USER REFERENCES

¢}

(2)

(3)

3yr

6 yr

E.J.W. Bowie, M.D. 507/282-2511
Mayo Clinic

200 First Street, SW

Rochester, Minnesota 55991

W. Jean Dodds, D.V.¥. 518/457-2663
Div. Labs & Research

New York State Department of Health
120 New Scotland Avenue

Albany, New York 12201

Dale H. Cowan, M.D. 216/398-6000, Ext. 4115
Case Western Reserve M>2dical School

Cleveland Met:o General Hospital

3395 Scranton Road

Cleveland, Ohio 44109

*See point system description.
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D-81 Code No. 78

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Photometriz (general)

(Yol
o)
ESg

3

USER REFERENCES

(1) 3 mo
(2) 2 yr
(3)

VENDOR Pacific Photometric Instruments
Emeryville, California 94608

* INSTRUMENT Digital Photometer

MODEL OR CATALOG No. _ 124

Points#* Factor Specifications
17.9 Cost $975
14.1 Power required 115/230 v, 50/60 Hz, 65 watts
16.2 Vol.ne (m?) 0.019
17.7 Weight (ksg) 8.2
15.1 Complexity of use
17.4 Reliability } from user survey

Bob Anderson 507/285-5831
Mayo Clinic

200 First STreet, SW
Rochester, Minnesota 55901

August H, Maki 916/752-6477
University of California at Davis
Davis, California 95616

*See point system description.



D-82 Code No. 79

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Inf -ared

VENDOR Varian

Palo Alto, California 94303

* YNSTRUMENT Cary 17 Automatic Recording Spectrophotometer

MODEL OR CATALOG No.  01-700000-00

Points* Factor Specifications
7.6 Cost $29,990
6.7 Power required 1157230 v, S0/60 Hz, 1265 watts
5.8  Volume (m3) 1.125
7.5  Weight (kg) 249.5
18.3 Complexity of use
16.5 Reliability } from user survey

O
N
.

£

USER REFERENCES

(1) 6 mo Allen D. Sawyer 214/749-2156
U. S. Food & Nrug Administration
3032 Bryan

Dallas, Texas 75204

(2) 6 mo Gregory L. Geoffruy 814/865-1924
Penn State University
152 Davey Lab
University Park, Pennsylvania 16802

(3)

*See point system description.
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D"83 Code No 80

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Visible

VENDOR Gilford Instrument Laboratories, Inc.

Oberlin, Ohio 44074

* INSTRUMENT Micro-Sample Spectrophotome’ :r

MODEL OR CATALOG No.  J00-N

Points* Factor Specifications

14.3 Cost $2,400

13.8 Power required 105-125V, 50/60 Hz, 70 watts
14.4  Volume (md) 0.030

15.2 Weight (kg) 15.0

19.6 Complexity of use

13.3 Reliability ] from user survey

90.6

USER REFERENCES

(1) 4 mo Sharon Guthrie 614/299-3151, Ext.
Battelle, Cotiumbus Luboratories
505 King Avenue-
Columbus, Ohio 43201

(2) 2 yr Children's Hospital  614/261-2140
Clinical Chemistry Lab
(Dept. of Pediatrics, 0SU)
561 South 17th Street
Cclumbus, Ohio 43205
(3)

kSee point system descriptiom.
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D-84 Code No. 81

COMMERCIAL HARDWARE DESCRIPTION

ASSAY ERINCIPLE Photometric/Absorption/Visibile

VENDOR Brinkmann Instruments, Inc.

Westbury, New Yurk 11590

“ INSTRUMENT Probe Colorimeter PC/GOO

MODEL OR CATAT.OG No. _ 20 23 000-2

Points* . Factor Specifications
19.5 Cost $695

26.7 Power required 110V, 50/60 Hz, 5 watts
20.7  Volume (m3) 0.007

22.6 Weight (kg) 3.1

20.0 Complexity of use
18.5 Reliability
128.0

] from user survey

USER REFERENCES

1) 1yr Dr. William Spira 617/653-1000, Ext. 2900
U. S. Army Natick Development Cente-
Food Science Lab
Natick, Massachusetts 01760

(2) 1yr P. E. Cornwell, Ph.D. 205/934-2380
UAB, The Medical Center
University Station
Birmingham, Alabama 35294

(3

*Se¢ point system description,
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D-85 Code No. 82

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet

VENDOR Bausch and Lomb, Analytical Systems Division

Rochester, New York 14625

* INSTRUMENT Spectronic 210 UV Spectrophotometer

MODEL OR CATALOG No.  9-20-03

Points* Factor Specifications
11.4 Cost $6,000

9.2 Power required 120v, 60 Hdz, 360 watts
10.3  Volume (m3) 0.117

10.9  Weight (kg) 56.7

14.5 Complexity of use

17.4 Reliability } from user survey

~
W
~J

USER REFERENCES

) 5 mo Justin G. Dane 716/882-8484
Westwood Pharmaceuticals, Inc.
468 DeWitt Street
Buffalo, New York 14213

(2) 1 mo Arthur W. Smith 503/668-6634
City of Portland, Water Bureau
Rt. 3, Box 582
Sandy, Oregon 97055

3)

*See point system description.



D-86 Code No. 33

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Emission/Fluorimetry

VENDOR Baird-Atomic

Bedford, Massachusetts 901730

* INSTRUMENT Fluorispec Spectrofluorometer
MODEL OR CATALOG No. __SF-100
Points*® Factor Specifications
11.5 Cost $5,775
6.9 Power required 110v, 60 Hz, 1150 watts
10.3  Volume (m3) 0.116
10.7 Weight (kg) 61.7
14.4 Complexity of use
ég'g Reliability } from user survey

USER REFERENCES

09 4 mo Dr. Justin McCormick 313/¢f" -0710, Ext.

Michigan Cancer Foundation
110 East Warren.
Detroit, Michigan 48201

(2) 1lyr Dr. Delyle Eastwood 203/445-8501, Ext.

U. S. Coast Guard R&D Center
Avery Point
Groton, Connecticut 06340

3

*See point system description.
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D-87 Code No. 84

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Radiometric/X-Ray Fluorescence

o]
=
[¢ ]

USER REFERENCES

1) 2 yrs
(2) 3 mo
(2) 1 vyr

VENDOR Applied Research Laboratories
Sunland, California 91040
“INSTRUMENT Non-Dispersive X-Ray Analyser
MODEL OR CATALOG No, _ N 940
Points* Factor Specificaiions
11.9 Cost $6,875
12.6 Power required 110V + 15%, 50/60 Hz, 100 watts
10.8  Volume (m3) 0.094
13.7 Weisht (kg) 22.7
19.5 Complexity of use
14.2 Reliability ] from user survey

Mr. J. T. Harris
Ketton Portland Cement
Ketton, Stamford
Lincolnshire, England

J. B. Rae

BP Refinery (Grangemouth) Limited
Bo'ness Road

Grangemouth, Stirlingshire FK3 9XQ

G. A. Lee

ICI Australia Ltd.

Organic Factory, Denison Street
Matraville

Sydney, NSW 20136

*See point system description.



D-88 Code No. 85

COMMERCIAL HARDWARE DESCRIPTION

A3SAY PRINCIPLE Photometric/Absorption/Visible

VENDOR Clifford Instruments, Inc.

Natick, Massachusetts 01760

" INSTRUMENT Densicomp

MODEL OR CATALOG No.  445-20

Points#* Factor Specifications
12.6 Cost $3,980
8.2 Power required 115V, 50/60 Hz, 575 watt.
5.8 Volume (m3) 1.178
11.3 Weight (kg) 49.0
22.8 Complexity of use .
18.7 Reliability } from user survey

USER REFERENCES

(1) 4 yrs Augusto Aguirre, M D. 614/261-5526
Riverside Methodist Hospital
3535 Olentangy River Road
Columb_:_, Ohio 43214

(2) 2 yrs Janes J. Kennedy 513/872-2391
Good Samaritan Hospital

3217 Clifter Avenue
Cincinnati, Ohio 45220

(3)

*Sae point system description.
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ASSAY PRINCIPLE

n-89 Code No. 86

[

COMMERCIAL HARDWARE DESCRIPTION

Pattern Recogni. .>n Computer

VENDOR

Corning Sc 2ntific In-truments

Medfield, Massachusetts 02052

" INSTRUMENT

LARC Classifier

MODEL OR CATALOG NO.

(none)

Points* ractor Specification.
6.1 Cost $70,000
6.0 Power required 115V + 10%, 60 Hz, 1970 watts
7.0 Volume (m3) 0.535
8.0 Weight (kg) 194.%
8.0 Complexity of use
13.2 Relirbility ] from user survev
48.3

USER REFERENCES

) 2 mo
(2) 2 mo
3

James W. Bacus, Ph.D. 312/942-5874
Rus.h-Pres! cer-an-St. luke's Medical Center
1733 West Congress Paikway

Chicago, Illinn::: 60612

Carol Strang 312/649-3200
Northwestein Memorial Hospital
303 kast Superior Street
Chicago, Illinciz 6061l

*See point system description.
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Code No. 87

D-90
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photography

VENDOR Paillard Inc.

Linden, New Jersey 07036

INSTRUMENT Hasselblad 70 mm SLR Camera

MODEL OR CATALOG No. -00 EL with Magazine 70

Points* Factor Specifications
13.8 Cort $2,730

50.0 Power required Internal batteries
23.8 Volume (a3) 0.004

23.6 Weight (kg) 2.6

16.9 Complexity of use

21.8 Reliability ] from user survey

USER REFERENCES

) 10 yr Garland L. Chambers 614/268-9994
Chambers Camera Service, Inc.
4608 North High Street
Columbus, Ohio 43214

(2) 6 yr J. G. Stephan 614/299-3151
Battelle, Columbus Laboratories
505 King Avenue
Colunbus, Ohio 43201

(3) 6 yr Robert Parker 614/299-1101
Parker Photographs

2036 North High Street
Columbus, Ohio 43201

*See point system description.
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D-91 Code Nc. 88

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Particle Counting/Electro-conductimetric

VENDOR Coulter Electronics, Inc.

Hialeah, Florida 33010

* INSTRUMENT Couiter Counter TA II/PCA

MODEL OR CATALOG No. 6600688

Points#* Factor Specifications

8.8 Cost $16,826

8.1 Power required 105-125 v, 50/60 Hz, 600 watts
9.6 Volume (m3) 0.150

10.4 Weight (kg) 68.0

20.0 Complexity of use

15.1 Reliability } from user survey

USER REFERENCES

@) 1172 yx Dr. Charles A. Danieis 216/933-6181, Ext. 254
B. F. Goodrich Chemical Co.
Technical Center
P. 0. Box 122
Avon Lake, Ohio 44012

(2) 8 mo Steve Shultz 614/224-2228
Ironsides Company
270 West Mound Street

) Columbus,0hio 43216

*See poirni system description.
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Code No. 89

D-92
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Refraction/Light Scatter

VENDOR Pen Kem Co.

Croton-on-Hudson, New Ycrk 10520

* INSTRUMENT Automatic Laser Zee Meter

MODEL OR CATALOG No. 2003

Points* Factor Specifications

10.0 Cost New instrument - cost not yet determined
7.9 Power required 105-125/205-230 V, 50/60 Hz, 650-617 watts
8.3 Volume (m3) 0.268

10.4 Weight (kg) 68.1

10.0 Complexity of use

10.0 Reliability } from user survey

56.6

USER REFERENCES

1) Instrument not yet marketed

(2)

(3)

*See point system description,.
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D-93 Code No. 90

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Refraction/Light Scatter

VENDOR Pen Kem Co.

Croton-on-Hudson, New Ysck 10520

* INSTRUMENT Laser Zee Meter

MODEL OR CATALOG No. 400

Points* Factor Specifications

10.4 Cost $8,500

13.2 Power required 105-125/205-230 Vv, 50/60 Hz, 85 watts
9.9 Volume (m3) 0.134

13.1 Weight (kg) 27.7

10.0 Complexity of use

10.0 Reliability } from user survey

66.0

USER REFERENCES

(1) No users completed

(2)

&)

*See point system description.
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Code No. 91

D-94

COMME ACIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Photometric/Absorption/Visible

VENDOR

15C0

Lincoln, Nebraska

" INSTRUMENT

Spectroradiometer SR

MODEL OR CATALOG NO.

1050s

Points* Factor Specifications

14.3 Cost $2,390

19.7 Power required 110-120 Vv, 50/60 Hz, 17 watts
17.4 Volume (m3) 0.014

19.4 Weight (kg) 5.7

15.1 Complexity of use

23.9 Reliability } from user survey

108.8

USER REFERENCES

Q) 1 mo
(2) 3 yr
3

Jack C. Bailey
ARS, USDA

P. 0. Box 225 .
Stoneville, Mississippi 38776

601/686~-2311

Dr. J.W.A. Burley 215/895-2624, 2623
Department of Biological Sciences

Drexel University

32nd and Chestnut Streets

Philadelphia, Pennsylvania 19104

*See point gystem description.
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COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Electrometric/Conductimetry

VENDOR The London Company

Cleveland, Ohio 44145

- INSTRUMENT Conductivity Meter

MODEL OR CATALOG No. DM 3

Points* Factor Specifications

18.6 Cost $830

25.¢ Power required 110/220 v + 10%Z, 47.5-63 Hz, 6 watts
18.1 Volume (m3) 0.012

20.6 Weight (kg) 4.5

17.2 Complexity of use

i%l&% Reliability ] from user survey

USER REFERENCES

) 3 yr T. T. Kramer, D.V.M., Fh.D. 826-4539
Department of Veterinary Microbiology
Auburn University
Auburn, Alabama 36830

2) 3yr Dr. A. Scanu 312/947-5728
University of Chicago

950 East 59th Street
Chicago, Illinois 60637

(3)

*See point system description.
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Code No. 93

D~-96
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Electrometric/Conductimetry

VENDOR The London Company

Cleveland, Ohio 44145

* INSTRUMENT Conductivity Meter

MODEL OR CATALOG No. ©OPM 2

Points* Factor Specifications

19.2 Cost $730

20.3 Power required 110/12//150/200/220/240 Vv, 50/60 Hz, 15 watts
23.9 Volume (m3) 0.004

21.3 Weight (kg) 3.9

22.4 Complexity of use

22.4 Reliability } from user survey

USER REFERENCES

Q1) 3yr Joseph Jarabak 312/947-5539
Department of Medicine
University of Chicago
Chicago, Illinois 60637

(2) 2 yr Patrick Guire 816/561-0202
Midwest Research Institute

425 Volker Blvd.
Kansas City, Missouri 64110

(3)

*Sec point system description.
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- COMMERCIAL HARDWARE DESCRIPTION
o ASSAY PRINCIPLE Particle Counting/Electro-Conductimetric
f N VENDOR Coulter Electronics, Inc.
v Hialeah, Florida 33010
- - INSTRUMENT Coulter Counter ZBI
- MODEL OR CATALOG No, _ 6900051
T Points*® Factor Specifications
- 11.4 Cost $5,874
: 10.3 Power required 105-125V, 50/60 Hz, 230 watts
o 11.8 Volume (m3) 0.066
- 14.2 Weight (kg) est. 20
; 20.0 Complexity of use
- 13.5 Re?gability ] from user survey

(e -]
part
N

t

USER REFERENCES

(1) 1yr Frances E. Scott 205/453-1341
National Aeronautics & Space Administration
Marshall Space Flight Center
Marshall Space Flight Ctr., Alabama 35812

(2) 1yr Dr. W. Fred Hink 614/422-4943
The Ohio State University
Depart..2nt of Entomology
1735 Neil Avenue
Columbus, Ohio 43210

(3)

*See point system description.
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D-98 Code No. 95

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Electrometric/Conductimetry

VENDOR Leeds and Northrup €o.

North Wales, Pennsylvania 19454

* INSTRUMENT Electrolytic Conductivity Monitor

MODEL OR CATALOG NO. _ 7073

Points* Factor Specifications
22.0 Cost $430

21.5 Power required 120v, 50/60 Hz, 12 watts
18.1 Volume (m3) 0.012

;9.1 Wetght (kg) 6.1

1.7 Complexity of use

ig'g Reliability ] from user survey

USER REFERENCES

(1) 8 yr Bob Wagner 614/299-4101, Ext. 49
American Smelting & Refining Co.
1363 Windsor Avenue
P. 0. Box 327
Columbus, Ohio 43216

(2) 4 mo William Beck 419/423-8123
Whirlpool Corp.
4901 North Main
Findlay, Ohio S840

3)

*See point system description.
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D-99

Code No. 96

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Enzymatically based/ATP Photometry

VENDOR SAI Technology Co.

San Diego, California 92123

" INSTRUMENT ATP Photometer

MODEL OR CATALOG No. 2000

Points*® Factor Specifications

11.6 Cost $5,500

18.1 Power required 115/230 V + 10%, 48-440 Hz, 24 watts
17.1 Volume (m3) 0.015

19.7 Weight (kg) 5.4

21.4 Complexity of use

20.5 Reliability ] from user survey

USER REFERENCES

(1) 5yr Dr. Osmund Holm-Hansen  714/452-2339
Scripps Instituton of Oceancgraphy

University of Califorria
Sverdrups Hall 2153

La Jolla, California 92037

(2) 6 mo Dr. Grace Lee Picciolo
NASA-Goddard Space Center
Code /26
Greenbelt, Maryland 20771

(3)

*See point system description.
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D-100 Colde No. 97

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photography

VENDOR Charles A, Hulcher Co., Inc.

Hampton, Virginia 23361

* INSTRUMENT 35 mm Sequeunce Camera

MODEL OR CATALOG NO. 112 with single~frame pulse

Points* Factor Specifications
15.2 Cost $1,860
12.1 Power required 12/24 VDC, 120-70 watts
25.6 Volume (m3) 0.003
gg-g Weight (kg) 1.6

. Complexity of use
%g.g Reliability } from user survey

USER REFERENCES

() 4 yr Shannon L. Ball 214/455-3450, Ext. 6270
E-Systems, Inc.
Box 1056 .
Greenville, Texas 75401

(2) 8 yr Time-Life Photo Lab 212/556-2019
Time Inc.

1271 Avenue of the Americas
New York, New York 10020

(3)

*See point system description.
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ASSAY PRINCIPLE

Code No. 98

D-101

COMMERCIAL HARDWARE DESCRIPTION

Photometric/Absorption/Visible

o]
o
=)}

USER REFERENCES

(1) 2 yr
9 mo

(2)

(3)

VENDOR Transidyne General Corp.
Ann Arbor, Michigan 48106

* INSTRUMENT Programmable Scanning Densitometer
MODEL OR CATALOG No. _ 2980
Points* Factor Specifications
11.2 Cost $6,450

9.6 Power required 110/220 v, 50/60 Hz, 300-250 watts
11.0 Volume (m3) 0.088

12.6 Weight (kg) 31.8

20.6 Complexity of use

15.6 Reliability } from user survey

W. A. Foote Memorial Hospital 517/783-2771
205 North East Avenue
Jackson, Michigan 49201

Dr. G. Sherman 617/492-3500
Mount Auburn Hospital

330 Mount Auburn Street
Cambridge, Massachusetts 02138

*See point system description.



COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Photometric/Absorg}ion/Visible

Reliability

L]
~
.

w

USER REFERENCES

(1) 2 yr
(2) 4 mo
J)

VENDOR Technical Consulting Services
Southampton, Pennsylvania 18966
- INSTRUMENT Dual Wavelength Filter Photometer
MODEL OR CATALOG No. __3000-C
Points#* Factor Specifications
13.9 Cost $2,685
15.0 Power required 110V, 50/60 Hz, 50 watts
15.2 v°1um (m3) 0.0210
ig-é Weight (k3) 12.2
17:7 Complexity of use} from user survey

Tsuyoshi Ohnishi, Ph.D. 215/448-7798
Biophysics Laboratory

Hahnemann Medical College

230 Nortn Broad Street

Philadelphia, Pennsylvania 19102

Toshiro Asakura 215/EV7-6000, Ext. 694
Children's Hospital of Philadelphia
University; of Pennsylvania
34th Street, Civic Center Blvd.
Philadelphia, 2ennsylvania 19104

*See point system description.
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ASSAY PRINCIPLE

VENDOR

-

D-103 Code No. 100

COMMERCIAL HARDWARE DESCRIPTION

Photometric/Absorption/Visible

Photrenic Inc.

Jenkintown, Pennsylvania 19006

“INSTRUMENT

Tri-Colorphot

MODEL OR CATALOG NO.

TC

Points* Factor Specifications
18.3 Cost $895

20.3 Power required 110V, 60 Hz, 15 watts
20.0 Volume (m3) 0.c08

21.8 Weight (kg) 3.6

23.1 Complexity of use o

20.8 Reliability ] from user survey

5

[}
N
o
[98)

USER REFERENCES

(1)

(2)

(3

2 yr

5 yr

Aubrey D. Hibbard 314/882-2043
University of Missouri~Columbia
Department of Horticulture

1-43 Agriculture Building
Columbia, Missouri 65201
Barbara B. Aulenbach 301/344~-3483
USDA, ARS

Horticultural Crops Marketing Lab

Room 6, Building 002, Agricultural Research Center-West

Beltsville, Maryland 20705

*See point system cescription.
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Code No._101

D-104
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Visible

VENDOR Photovolt Corp.

New York, New York 10010

* INSTRUMENT Lumetron 401 Photoelectric Colorimeter

MODEL OR CATALOG No. 4760

Points* Factor Specifications

23.6 Cost $325

5.1 Power required 100-125v, 60 Hz (or 6 VDC), 380 watts
20.0 Volume (m3} 0.008

18.3 Weight (kg) 7.3

24.2 Complexity of use

21.8 Reliability } from user survey

USER REFERENCES

1) 2 yr Quality Control Department 201/343-8703
Halocarbon Products Inc.
82 Burlews Court
Hackensack, New Jersey 07601

(2) 10 ve Roll Coater, Inc. 317/462-7761
Arvin Industrias
P. 0. Box 787
Greenfield, lndiana 46140

(3

*See point system description.
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Code No.

102

D-105
COMMERCIAL HARDWARE DESCRIPTION

Photometric/Absorption/Visible

VENDOR

Photovolt Corp.

New York, New York 10010

" INSTRUMENT

Densicord 552 Densitometer

MODEL OR CATALOG NO.

09-552-10

Points* Factor Specifications

12.4 Cost $4,250

12.6 Power required 90-130 VvV, 50/60 Hz, 100 watts
11.3 Volume (m3) 0.079

13.1 Weight (kg) 27.7

11.2 Complexity of use

16.8 Relfiability

USER REFERENCES

Q) 2 yr
(2) 3yr
(3)

] from user survey

Dr. H. B. Davidson 614/221-4171
Davidson Laboratories
267 East Broad Street
Columbus, Ohioc 43215

Robert Schmitt
Veterans Administration Hospital
Medical Service

3200 Vine Street

Cincinnati, Ohio 45220

*See point system description.

513/221-2325~ Ext. 400

-



Code No._103

D-106

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Pattern Recognition Computer (Image Analyzer)

USER REFERENCES

(1) 3 mo
(2) 1lyr
3) New

VENDOR Rank Precision Industries, Inc.
Des Plaines, Illinois ¢€0018

“ INSTRUMENT Image Analyzer

MODEL OR CATALOG No, _ 3000 -

Points#* Factor Specifications
8.7 Cost $17,000

11.4 Power required 230-250 VvV, 50/60 Hz, 150 watts
7.6 Volume (m3) 0.389
8.7 Weight (kg) 144.0

18.4 Complexity of use

18.0 Reliability } from user survey

72.8

Charles Oxnard 312/643-2606
University of Chicago

1025 East 57th Street

Chicago, Illinois 60637

David J. Gondenough, Ph.D. 301/955-3350
Johns Hopkins University

615 North Wolfe Street

Baltimore, Maryland

M. C. Bruce 301/443-2536
Dept. Health, Education, & Welfare
FDA/BRH

12720 Twinbrook Parkway

Rockville, Maryland 20852

*See point system des-ription.



-
i
&
&
¥
5
I

sy

wh

*w

ASSAY PRINCIPLE

Code No.__104

D-107
COMMERCIAL HARDWARE DESCRIPTION

Radiometric/Scintillation Photometry

USER REFERENCES

(G 2 yr
1vyr
(2)
18 mo
(3)

*See point system des

VENDOR Beckman Instruments, Inc.
Irvine, California 92664
* INSTRUMENT Biogamma Analyzer
MODEL OR CATALOG No. _ 167776
Points* Factor Specifications
10.2 Cost $9,400
10.2 Power required 120V, 50/60 Hz, 240 watts
8.2 Volume (m3) 0.285
7.4 Weight (kg) 272.2
17.6 Complexity of use
16.7 Reliability ] from user survey
70.3

Saint Thomas Hospital 216/379-1111
444 North Main Street
Akron, Ohio 44310

J. D. Clough, M.D. 216/229-2200
Cleveland Clinic

9500 Euclid Avenue

Cleveland, Ohio 44106

M. Saffran, Ph.D.

Department of Biochemistry

P. 0. Box 6190

Medical College of Ohio at Toledo
Toledo, Ohio 43614

cription.

-
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108 code NO . 105

COMMERCIAL HARDWARE DESCRIPTION
ASSAY PRINCIPLE Photometric/Absorption/Visible

VENDOR Vitatron Medical, Inc.

South Boston, Massachusetts 02127

" INSTRUMENT Flying Spot Densitometer TLD 100

MODEL OR CATALOG No. ©11.100

Pointg® Factor Specifications
10.9 Cost $7,000
11.0 Power required 110/240 v, 50/60 Hz, (est) 175 watts
9.2 Volume (m3) 0.180
9.2 Weight (kg) 112.0
10.0 Complexity of use £
%%;% Reliability } from user survey

USER REFERENCES

(1) No user list received

(2)

(3)

*See point system description.
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D-109 Code No. 106

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Visible

VENDOR v Vitatron Medical Inc.

South Boston, Massachusetts 02127

" INSTRUMENT Digital Concentration Photometer

MODEL OR CATALOG No. 951.000

Points* Factor Specifications

16.7 Cost $1,290

15.2 Power required 110/220 v, 50/60 Hz, 48 watts
16.4 Volume (m3) 0.018

18.6 Weight (kg) 6.8

10.0 Complexity of use

10.0 Reliability ) from user survey

|

[
[~
.

0

USER REFERENCES

1)

(2)

(3)

*See point system description.

No user list received
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ASSAY PRINCIPLE

D-110 Code No. 107

COMMER(, <AL HARDWARE DESCRIPTION
Photometric/Absorption/Ultraviolet

itatron Medical Inc.

USER REFERENCES

(1)

(2)

(3)

VENDOR
South Boston, Massachusetts 02127
* INSTRUMENT Modular Photometer System
MODEL OR CATALOG No. °-0-100
Points®* Factor Specifications
14.2 Cost $2,490
11.8 Power required 110/220 v, 50/60 Hz, 130 watts
11.4 Volume (m3) 0.078
ig-g Weight (kg) 34.9
. Complexity of use
%g*% Reliability } from user survey

No user list received

*See point system description.



ié D-111 Code No. 108

RO TSN BTN SIRREIN
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§€ COMMERCIAL HARDWARE DESCRIPTION
' ASSAY PRINCIPLE Photometric/Absorption/Visible
g 5; VENDOR International Light, Inc.
‘ Newburyport, Massachusetts 01950
: - INSTRUMENT Spectroradiometer System
: . MODEL OR CATALOG NO. IL 700/IL 760/IL 780
.- Points* Factor Specifications
e 12.6 Cost $3,936
.- 14.9 Power required 115/230 v, 50/60 Hz, (est) 52 watts
"' 18.5 Volume (m3) ¢.011
ig-g Weight (kg) 10.7
o J Complexity of use
. 14.0 Reliability } from user survey
95.3
= USER REFERENCES
i ) 6 mo Dr. Edward A. Emmett 513/872-5284
University of Cincinnati
231 Bethesda Avenue, Room 5251
Cincinnati, Ohio 45267
: 2) 8 mo R. R. Chance 201/455-4991
- Allied Chemical
" Materials Research Center
H Morristown, New Jersey 07960
(3)

*See point system descriptionm.




D-112 Code No.

109

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Visible

VENDOR Helena Laboratories

Beaumont, Texas

- INSTRUMENT Quick-Scan Jr. Densitometer

MODEL OR CATALOG Ko, 1111

Points* Factor Specifications
16.1 Cost $1,500
11.0 Power required . 115v, 50/60 Hz, 173 watts
14.0 Volume (m3) 0.034
ig'g Weight (kg) 13.6
. Complexity of use
é;'g Reliability ] from user survey

USER REFERENCES

(1) 1-1/2 yr Glen Berryman 419/244-3711
Flower Hospital Laboratory
3350 Collingwood Blvd.
Toledo, Ohio 43610

(2) 1-1/2 yr E. D. Slifer, M.D. 217/824-3331
St. Vincent Memorial Hospital
201 East Pleasant Street
Taylorville, Illinois 62568

(3)

*See point system description.
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D-113 Code No. 1;0

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Abscrption/Ultraviolet

VENDOR Varian

Palo Alto, Califomia 94303

" INSTRUMENT Cary 118C UV-Vig Spectrophotometer

MODEL OR CATALOG No, _01-180000-00

Pointg* Factor Specifications

8.7 Cost $17,250

8.1 Power required 115/230 v, 50/60 ¥z, 575 watts
7.5 Volume (m3) 0.403

8.9 Weight (kg) 136.1
16.C Complexity of use .
17.7 Reliability } from user survey
66.9

USER REFERENCES

(1) 18 mo Daniel L. Francis 216/232-3320
Ben Venue Labs
Bedford, Ohio 44146

2 yr John Tupa 216/771-2121
(2) Glidden-Durkee, Div. S.C.M.

16651 Sprague Road
Strongsville, Ohio 44136

(3)

*See point system description,
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ASSAY PRINCIPLE

114 Code No. 111

COMMERCIAL FARDNAKE DESCRIPTION

Photometric/Absorption/Ultraviolet

Pharmacia Fine Chemicals, Inc.

VENDOR
Piscataway, New Jersey 08854
* INSTRUMENT Dual Wavelength UV Photometer
MODEL OR CATALOG No. 290
Points* Factor Specifications
14,2 Cost $2,439
20.7 Power required 115V, 60 Hz, 14 watts
19.5 Volume (m3) 0.009
;g-: Weight (kg) 5.7
. Complexity of use
20.3 Reliability } from user survey
114.5
USER REFERENCES
Q1) 8 mo James S. Hagen 201/545-1300, Ext. 3447
E. R. Squibb
Georges Road
New Brunswick, New Jersey 08903
(2) 2 yr Dr. Lamanna 301/443-3036
FDA, BRH, DBE, XSB, MSS
HFX~120, 5600 Fishers Lane
Rockville, Maryland 20852
(3)

*See point system description.
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ASSAY PRINCIPLE

COMMERCIAL HARDWARE DESCRIPTION

Photometric/Absorption/Ultraviolet

Pharmacia Fine Chemicals, Inc.

VENDOR
Pigcataway, New Jersey 08854

- INSTRUMENT UV-Visible Photometer o
MODEL OR CATALOG Ko, _ 140

Points® Factor Specifications
15.5 Cost $1,726

21.5 Power required 105-125 v, 60 Hz, 12 watts
19.5 Volume (mn3) 0.009

ig; Weight (kg) 4.8

. Complexity of use

lgg‘; Reliability ] from user survey

USER REFERENCES

1) 2 yr
(2) 8 mo
(3)

C. A, Daniels, M.D., Ph.D. 919/684-2125
Duke University

Department of Pathology

Durham, North Carolina 77710

Mr. Terry L. Kaduce 319/353-6069
University of Iowa

Department of Biochemistry, 4~555 BSB
Iowa City, Iowa 52240

*See point system description.
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D-116 Code No. 113

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Electrometric/Coulometry

VENDOR McKee Pedersen -nstruments

Danville, California 94526

* INSTRUMENT Electrocell-CPC

MODEL OR CATALOG No, _C-2000-1

Points* Factor Speciiications

19.9 Cost $640

12.6 Power requised 117v, 50/60 Hz, (est) 100 watts
19.0 Volume {(um3) 0.010

20.0 Weight (kg) 5.0

10.0 Complexity of use,

10.0 Reliability ) from user survey

USER REFERENCES

(1) Nc users 1list received

2)

(3)

*See point system description.
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ASSAY PRINCIPLE

Code No. 114

D-117
COMMERCIAL HARDWARE DESCRIPTION

Photometric/Absorption/Ultraviolet

VENDOR LKB Instruments, Inc.
Rockville, Maryland 20852

* INSTRUMENT Uvicord II UV Absorptioneter
MODEL OR CATALOG No, _8300 A

Points#* Factor Specifications
15.2 Cost $1,850

14.1 Power required 115/230 v, 50/50 Hz, 65 watts
16.4 Volume (m3) 0.018

15.6 Weight (kg) 13.5

25.9 Complexity of use

2.2 Reliability ] from user survey
108.4

USER REFER©NCES

(1) 4 yr
(2) 15 yr
(3)

Gene Myranu 313/577-1543
Wayne University (Medicine)
540 East Canfield

Detroit, Michigan 48201

Dr. M. D. Poulik 313/549-7000, Ext. 245
William Beaumont Hospital
Royal Oak, Michigan 48072

*See point system descri ‘fon.



D-118 Code No.__ 115

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet

VENDOR Lsco
Lincoln, Nebraska 68505

Absorbance Monitor UA-5

" INSTRUMENT

MODEL OR CATALOG No, 0721 U

Points* Factor Specifications

15.4 Cost $1,795

12.2 Power required 110/120 v, 50/60 Hz, 115 watts
14.8 Volume (m3) 0.027

12-2 Weight (kg) 11.3

16. Complexity of use

;Z'g Reliability ] from user survey

USER REFERENCES

Q1) 2 yr John R. Shainoff, Ph.D. 216/229-2200, Ext. 1262
Research Division
Cleveland Clinic -Foundation
9500 Euclid Avenue
Cleveland, Ohio 44106

(2) 2 yr James S. Marshall, M.D. 216/791-7300, Ext. 2150
Case Western Reserve University
2065 Adelbert Road
Cleveland, Ohio 44106

(3)

*See point system description.
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D-119

Code No. 116

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Visible

VENDOR Hycel, Inc.

Houston, Texas 77042

“ INSTRUMENT Desk Top Chemical fnalyzer

MODEL OR CATALOG No., HMA-1600

Points* Factor Specifications
8.9 Cost $16,000

8.3 Power required 11Cv, 60 Hz, 550 watts
9.9 Volume (m3) 0.133

10.3 Weight (kg) 72.5

12,0 Complexity of use

13.7 Reliability } from user survey

USER REFERENCES

) 2 mo Tony Piano 312/643-9200, Ext. 364
Illinois Central Community Hospital

5800 Stoney Island Avenue
Chicazo, Illinois 60637

2) 4 mo David Marrack, M.D.

713/524-7631 or 790-4661

Baylor College of Medicine

Pathologv Department
1200 Moursund
Houston, Texas 77025

(3)

*See point cystem description.



D-~120 Code No. 117

COMMERCIAL HARDWARE DESCRIPTICN

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet

VENDOR Glenco Scientific Inc.

Houston, Texas 77007

- INSTRUMENT UV Absorbance Monitor

MODEL OR CATALOG NO, 35480

Points* Factor Specifications
17.8 Cost $995
15.9 Power rquired 115V, 50/60 Hz, 40 watts
21.6 Volume (m”) 0.006
20.3 Weight (kg) 4.8
10.3 Complexity of use
15.3 Relfability } from user survey
101.2

USER REFERENCES

Q) 6 mo Henry S. Kingdon 919/966~1540
University of North Carolina
Department of Medicine
Chapel Hill, North Carolina 27514

(2) 2 yr Melvin H. Keyes 419/242--554"
Owens-Illinois

1700 North Westwood
Toledo, Okio 43666

(3

*#See point system descriptionm.
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ASSAY PRINCIPLE

D-121 Code No. 118

COMMERCIAL HARDWARE DESCRIPTION

Photometric/Absorption/Ultraviolet

Gilson Medical Electronics

VENDOR
Middleton, Wisconsin 53562

- INSTRUMENT Dual_Esam UV Monitor

WMODEL OR CATALOG No, 261 )

Points* Factor Specifications
16.4 Cost $1,395

18.9 Power required 115/230 v, 50/60 Hz, 20 watts
19.5 Volume (m3) 0.009

ig-g Weight (kg) 6.8

. Complexity of use

lég'g Reliability 1 from user survey

USER REFERENCES

(1) 4 mo
(2) 2 mo
(3)

Dr. Roy Emery 517/355-8432
Michigan State University
Department of Dairy Science

East Lansing, Michigan 48842

Louis Adams 513/872-4701
University of Cincinnati
Division of Immunology

Medical Sciences Building
Cincinnati, Ohio 45267

*See point system description.
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D~-122 Code No. 119

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Visible

VENDOR Gelman Instrument Ce.

Ann Arbor, Michigan 48106

" INSTRUMENT Digiscreen-M

MODEL OR CATALOG No. 7410

Points* Factor Specitications

13.7 Cost $2,800

12.1 Power required 115V, 50/60 Hz, 120 watts
13.3 Volume (m3) 0.041

13.1 Weight (kg) 27.2

14.8 Complexity of use, .

;g.; Reliability } from user survey

USER REFERENCES

1) 2-1/2 yr Community Medical Laboratory 301/662-3860
801 Toll House Avenue
Frederick, Maryland 21701

6 mc Loudown Memorial Hospital 703/777-3300, Ext.
(2) Northern Virginia Commonwealth College
Route 7

Leesburg, Virginia 22075

(3)

*See point system description.
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ASSAY PRINCIPLE

D-123 Code No. 120

COMMERCIAL HARDWARE DESCRIPTION

Electrometric/Potentiometry

Environmental Sciences Associates, Inc.

VENDOR.
Burlington, Massachusetts 01803
* INSTRUMENT Single~Cell Anodic Stripping Voltammeter
MODEL OR CATALOG NO. SA-201l
Points# Factor Specifications
14.2 Cost $2,450
18.9 Power required 110V, 60 Hz, 20 watts
17.1 Volume (m3) 0.015
25.6 Weight (kg) 1.9
16.1 Complexity of use
17.9 Reliability } from user survey
109.8

USER REFERENCES

(1) 2-1/2 yr
(2) 1-1/2 yr
(3)

Steven Abbe 609/964-4000
Campbell Soup Co.

Campbell Place

Camden, New Jersey 08101

D. F. Craston 212/MU4-1600, ExiL. 22h
Chief Medical Examiner

New York City

New York University, Medical Center

520 First Avenue

New York, New York 10016

*See point system description.



D-124 Code No. 121

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/X-Ray Fluorescence

VENDOR DuPont Co., Instrument Products Division

Wilmington, Delaware 19898

* INSTRUMENT Electron Spectrometer

MODEL OR CATALOG No. 930

Points* Factor Specifications

6.5 Cost $57,000

5.4 Power required 115v, 50/60 Hz, 3000 watts
6.3 Volume (m3) 0.819

1.7 Weight (kg) 226.8
12.9 Complexity of use
ig'g Reliability } from user survey

USER REFERENCES

(1) 3 mo Richard W. Lauver 216/433-4000, Exct.

NASA/Lewis Research Center
21000 Brookpark Road
Cleveland, Ohio 44135

(2) 4 mo Merle M. Millard 415/486-3496
USDA-ARS-WRRL
800 Buchannan Street
Berkeley, California 94710

(3)

*See point system description.
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ASSAY PRINCIPLE

D-125 Code No. 122

COMMERCIAL HARDWARE DESCRIPTION

Enzymatically Based/ATP Photometry

VENDOR DuPont Co., Instrument Products Div.
Wilmington, Delaware 19898
* INSTRUMENT Luminescence Biometer
MODEL OR CATALOG No. 60
Points* Factor Specifications
11.6 Cost $5,490
18.1 Power rquired 105-130 V, 50/60 Hz, 24 watts
14.5 Volume (m~) 0.029
16.7 Weight (kg) 10.4
11.3 Complexity of use
18.6 Reliability } from user survey
90.8
USER REFERENCES
(1) 2 yr Dept. of Dairy Science 301/454-3928
University of Maryland
Animal Science Center
College Park, Maryland 20742
(2) 3~1/2 yr Hof fmann-LaRoche 201/475-5381
Sacepta Road
Belvidere, New Jersey 07823
3)

*See point system description.
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D-126 Code No. 123

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Enzymatically Based/Chromogenic

Gilford Instrument Labs, Inc.

USER REFERENCES

(1) 3yr
(2) 8 m
(3)

VENDOR
Oberlin, Ohio 44074
- INSTRUMENT Dual Reagent Analyzer System
2
MODEL OR CATALOG NO. 340
Points* Factor Specifications
9.3 Cost $13,045
9.2 Power required 120v, 60 Hz, 351 watts
10.2 Volume (m3) 0.118
22'8 Weight (kg) 95.7
: Complexity of use £ v
%%Lg Reliability ) from user survey

Department of Laboratory Medicine 513/369-2280
The Christ Hespital

2139 Auburn Avenue

Cincinnati, Ohio 45219

H. Roger Barksdale 317/783-8240
St. Francis Hospital

1600 Albany

Beech Grove, Indiana 46107

*See point system description.
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D-127 Code No. 124

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Radiometric/Direct Radiation Counting

VENDOR

Picker Corp.

Cincinnati, Ohio 45246

Spectroscaler 4

MODEL OR CATALOG NO.

628-436

Points* Factor Specifications
13.9 Cost $2,695
16.4 Volume (m3) 0.018
15.7 Weight (kg) 13.2

18.4 Complexity of use

16.6  Reliability
95.4

USER REFERENCES

(1) 3 mo

(2)

(3)

} from user survey

Steven G. Gerdes 614/422-7651
The Ohio State University Hospital
410 West 10th, Room N154

Nuclear Medicire

Columbus, Ohio 43210

George S. Callendine, Jr.
Consulting Radiologic Physicist
931 Chatham Lane

Columbus, Ohio 43221

*See point system description.
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Code No. 125

D-128
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/Beta Imaging

VENDOR Baird-Atomic

Bedford, Massachusetts

* INSTRUMENT Beta Camera

MODEL OR CATALOG No. 286-000

Points* Factor Specifications
8.3 Cost $20, 500
8.4 Power required 115V, 60 Hz, (est.) 500 watts
5.5  vVolume (m3) 1.444

13-; Weight (kg) 90.7

17.1 Complexity of useB from user survey

17.1  Reliability

USER REFERE'.CES

1)  gyr Dr. Geno Marco 919/292-7100, Ext. 2532
Ciba-Geiby Corp.
P. 0. Box 11422
Wing Road
Greensboro, North Carolina 27409

(2) 2w Di. Louis Malapeis 614/888-7175
The Ohio State University
500 West 12th ..verue
Columbus, Ohio 43210

(3) 4 yr M. L. Sutherland 314/694-5033
Monsanto Agricultural Co.
800 Nerth Lindbergh Blvd.
St. Loujis, Missouti 63166

*See point system description.
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D-129 Code No. 126

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/Gamma Specttpmetry

VENDOR Bio~-Dynamics, Inc.

Indianapolis, Indiana 46250

* INSTRUMENT THYROTEK -
MCDEL OR CATALOG No. 0330
Points* Factor Specifications
16.1 Cost $1,495
18.9 Power required 110V, 50/60 Hz, 20 watts
15.6  Volume (m3) 0.022
16.7 Weight (kg) 10.4
13.4 Complexity of use
14.2 Reliability ] from uscr survey

USER REFERENCES

(1) 6 mo Drs. Briggs and Russell  615/546-6852
1928 Alcoa Highway, Suite 307
Knoxville, Tennessee 37920

(2) 3 mn Ciro S. Tarta, M.D. 201/523-0521
220 Hamburg Turnpike
Wayne, New Jersey 07470

(3

*See point system description.



D-130 Code No. 127

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Ra‘iometric/Gamma Spectrometer

VENDOR Raytheon Co., Medical Electronics

Waltham, Massachusetts 02154

“ INSTRUMENT Sigma 2 Spectrometer

MODEL OR CATALOG No. 210

Points#® Factor Specifications

13.6 Cost $2,875

15.9 Power re iired 117/235 V + 10%, 60 Hz, 40 watts
17.4 Volume (m3) 0.014

18.9 Weight (kg) 6.3

21.8 Complexity of use )

19.6 Relisbility ] from user survey

USER REFERENCES

1) 2 yr Darrell Miller, R.T.C.T. 216, 264-4112, Ext. 221
Wooster Community Hospital
1761 Beall Avenue
Wooster, Ohio 44691

(2) 2 yr Joseph Huffman 216/494-6820
North Canton Medica' Center

604€ Whipple Avenue
North Canton, Ohio 44720

(3)

*Sce point system description,
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ASSAY PRINCIPLE

VENDOR

D-131 Code No. 128

COMMERCIAL HARDWARE DESCRIPTION

Radiometric/Scintillation Counting

The Nucleus, Inc.

Oak Ridge, Tennessee 37830

" INSTRUMENT

Nuclear Analyzer

MODEL OR CATALOG NO.

1100

Points* Factor Speciff-ations

15.4 Cost $1,790

17.1 Powar raquired 115/230 v, 50/60 Hz, 30 watts
15.6 Volume (m3) 0.022

17.7 Weight (kg) 8.2

18.0 Complexity of use

15.0 Reliability } from user survey

98.8

US™R REFERU.CFJ

v

(2)

(3)

2 mo

Norian D. Reed 40€/994-4130
Montana State University
Microbiology

Bozeman, Montana 59715

Joanna Schaefer
Diagnostics, Inc.

1618 Third Avenue North
Birmingham, Alabama 35203

*See point system description.



D-132

Code No.

129

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/Scintillation Counting
VENDOR Picker Corp.
Cincinnati, Ohio 45246
 INSTRUMENT Isotope Calibrator
MODEL OR CATALOG No. 9327307
Points* Factor Specifications
14.1 Cost $2,495
17.4 Power required 115V + 10%, 60 Hz, 28 watts
13.7 Volume (m3) 0.037
12.9 Weight (kg) 21.8
16.8 Complexity of use
17.3 Reliability } from user survey
93.2

USER REFERENCES

(1) 3 yr James K. Green, R.T. NMT
Sister Mary Norbert Morgan
Our Lady of Mercy Hospital
Rowan Hills Drive
Cincinnati, Ohio 45227

2 8 mo Children's Medical Center
Department of Radiology
1735 Chapel Street
Dayton, Ohio 45404

(3) George W. Callendine, Jr.

513/271-8800, Ext.

513/461~4790

Consulting Radiologic Physicist

931 Chatham Lane
Columbus, Ohio 43221

*See point system description.
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ASSAY PRINCIPLE

D-133 Code No. 130

COMMERCIAL HARDWARE DESCRIPTION

Radiometric/Scintillation Counting

USER REFERENCLS

)

8 mo
(2) 4 yr
(3) T yr

VENDOR Beckman Tnstruments, Inc.
Irvine, California 92664
“INSTRUMENT Liquid Scintillation System
MODEL OR CATALOG No. _LS-150
Points* Factor Specifications
9.3 Cost $13,500
8.4 Power required 115V, 50/60 Hz, 520 watts
6.5  Volume (m3) 0.706
7.4 Weight (kg) 270.0
22.8 Complexity of use |
17.9 Re?gability } from user survey
72.3

Nancy Hughes 614/422-2726
The Ohio State University

410 West 10th, Room N622
Columbus, Ohio 43210

Ronald T. Borchardt 913/864-3427
University of Kansas

Department of Biochemistry

Lawrence, Kansas 66044

Dr. W. W. Leavitt 513/872-5155
University of Cincinnati

College of Medicine

Department of Physiology
Cincinnati, Ohio 45267

*See point system description.
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D-134 Code No. 131

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/Direct Radiation Counting

VENDOR Baird-Atomic

Bedford, Massachusetts

* INSTRUMENT Laboratory Monitor

MODEL OR CATALOG No. J04-443

Points* Factor Specifications
19.8  Cost $650
22.5 Power required 110V, 60 Hz, 10 watts
17.8 Volune (m3) 0.013
17.3  veight (kg) (est.) 9.1

19.5 Complexity of use

£
14.7  Reliability } from user survey

USER REFERENCES

1) 5 yr Atomic Energy of Canada Ltd. 613/687-5581
Chalk River Nuclear Laboratories
Chalk River, Ontarioc KO0J 1JO

1 mo R. Gowe 617/762-1910, Ext. 320
(2) Department of Nuclear Medicine
Norwood Hospital
800 Washington Street
Norwood, Massachusetts 02062

(3

*See point system description.
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D-135 Code No. 132

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/Gamma Spectrometry

VENDOR Vangard Systems, Inc.

North Haven, Connecticut 06473

* INSTRUMENT TLC Radiochromatogram Plate Scanner

MODEL OR CATALOG No. 230

Points* Factor Specifications
12.5 Cost $4,095

12.6 Power required 250V, 60 Hz, 100 watts
16.0  Volume (m3) 0.020

15.3 Weight (kg) (est.) 14.9

20.3 Complexity of use

16.7 Reliability ] from user survey

USER REFERENCES

1) 15m Dr. Richard Ferrari 518/465-6251
Sterling-Winthrop Research Institute
Columbia Turnpike
Rensselaer, New York 12144

2) 1yr Stanley Ulrek 212/367-7879
VA Hospital
130 West Kingsbridge Road
Bronx, New York 10468

3

*See point system description.



D-1136 Code No. 133

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Photography

VENDOR

Charles A. Hulcher Co., Inc.

Hampton, Virginia 23361

" INSTRUMENT

70 mm Sequence Camera

MODEL OR CATALOG NO.

123 with single-frame pulse

Poiuts*® Factor Specifications
14.3 Cost $2,375

12.1 Power required 24-28 VDC, 120-70 watts
20.1  Volume (m3) 0.008

21.3 Weight (kg)

20.5 Complexity of use

24.6 Reliability

USER REFERENCES

W 1y
(2) 15 yr
(3)

3.9

} from user survey

Gerald H. Bleadon 503/688-9483
W.A.C. Corp. Inr.

Rt. 1, Box 740

Eugene, Oregon 97402

Henry DeWolf 716/482~5564
Aerial Surveys

106 Silverdale Drive
Rochester, New York 14609

*See point system description.
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D-137 Code No. 134

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Microcalorimetry

VENDOR LKB Instruments Inc.

Rockville, Maryland 20852

* INSTRUMENT Batch Microcalorimeter System
MODEL OR CATALOG No. _2107-010
Points#* Factor Specifications
9.3 Cost $13,200
12.6 Power required 115/220 V + 5%, 50/60 Hz, 100 watts
7.2 Volume (m3) 0.484
9.7 Weight (kg) 93.0
10.0 Complexity of use
;g.o Reliability ] from user survey
.8

USER REFERENCES

1) User list not received

(2)

(3)

*See point system descriptionm.



D-138 Code No. 135

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Microcalorimetry

VENDOR LKB Instruments, Inc.

Rockville, Maryland 20852

- INSTRUMENT Sorption Microcalorimeter System

MODEL OR CATALOG No. 2107-030

Points* Factor Specifications
9.3 Cost $13,400

12.6 Power required 220V + 5%, 50 Hz, 100 watts
8.2  Volume (m3) 0.280

10.1 Weight (kg) 79.0

10.0 Complexity of use

éo'g Reliability } from user survey
0.

USER REFERENCES

(1) New instrument - no users available

(2)

(3)

*See point system description.
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D-139 Code No. 136

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Abcorption/Visible

VENDOR United Detector Technology, Inc.

Santa Monica, California 90405

“INSTRUMENT Photometer/Radiometer

MODEL OR CATALOG No. 11A

Points* Factor Specifications

17.4 Cost $1,095

23.8 Power required 115/230 Vv, 50/60 Hz, 8 watts
21.5 Volume (m3) 0.006

23.4 Weight (kg) 2.7

10.0 Complexity of use

10.0 Reliability j from user survey

106.1

USER REFERENCES

) No user list received

(2)

3

*See point system description.
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D-140 Code No. 137

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Electrometric/Coulometry

VENDOR Orion Research, Inc.

Cambridge, Massachusetts 02139

801A Research Digital Ionanalyzer

" INSTRUMENT
MODEL OR CATALOG No, 080110
Points* Factor Specificatiors
16.8 Cost $1,250
15.9 Power required 100-240 v, 50/60 Hz, 40 watts
16.2 Volume (m3) 0.019
19.6 Weight (kg) 3.5

13.3 Complexity of use

16.1 Reliability ] from user survey

USER REFERENCES

1) 4 mo Jack P. Fletcher 304/747-4133
Union Carbide Corporation
P. 0. Box 8361
South Charleston, West Virginia 25303

(2) 6mo Dr. Michael J. Smith 513/426-6650, Ext. 669
Wright State University 873-2648 (after 4/28/75)
Department of Chemistry
Dayton. Ohio 45431

3)

*See point system description.
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D-141 Code No. 138

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Enzymatie/Chromogenic

VENDOR Gilford Instrument Labs, Inc.

Oberlin Ohio 44074

“INSTRUMENT Auto-Stat Analyzer

MODEL UR CATALOG NOo. 3002-S

Points* Factox Specifications
11.1 Cost $6,495

9.1 Power required 120V, 60 Hz, 378 watts
10.0  Volume (m3) 0.127

10.3 Weight (kg) 72.6

14.4 i

14.8 Complexity of “S€3 from user survey

Reliability

;

[
O
~J

USER REFERENCES

Q) 2 mo C. Stephens, M.D. 606/292-3191
St. lL.uke Hospital
85 North Grand
Ft. Thomas, Kentucky 41075

(2) 3 mo Clayton McAvoy, M.T. 503/889-5331, Ext. 32
Holy Rosary Hospital Laboratory
351 SW 9th Street
Ontario, Oregon 97914

*See point system description.



Code No. 139

D-142
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Multiparameter Cell Analysis

VENDOR Technicon Instruments Corp.

Tarrytown, New York 10591

- INSTRUMENT Autocounter Module

MODEL OR CATALOG No. _139-A004-01

Points* Factor Specifications

11.8 Cost $5,225

10.0 Power required 117V + 52, 60 Hz, 250 watts
13.1 Volume (m3) 0.044

12.9 Weight (kg) 29.5

10.0 Complexity of use

10.0 Reliability ] from user survey

USER REFERENCES

(1) User list not received

(2)

(3)

*See point system description.
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D-143 Code No. 140

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Multiparameter Cell Analysis

VENDOR Technicon Instruments Corp.

Tarrytown, New York 10591

* INSTRUMENT Automated Hematology Analyzer

MODEL OR CATALOG pc, _‘emlog 8

Points* Factor Specifications
6.4 Cost $59,000
5.8 Power required 105-125 V, 60 Hz, 2300 watts
4.8 Volume (m>) 2.416
6.0 Weight (kg) 635.0
10.0 Complexity of use
%%;Q Reliability } from user survey
.0

USER REFERENCES

1) User list not received

{2)

(3)

*See point system description.



D-144 Code No. 141

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Light Microscopy

VENDOR Carl Zeirs, Inc.

New York, New York 1001%

" INSTRUMENT Universal Microscope

MODEL OR CATALOG No. (mone)

Pcints# Factor Specifications
10.6 Cost $8,000
10.6 Power required 115V, 60 Hz, 200 watts
13.4 Volume (m3) 0.040
ig-g Weight (kg) 18.1

. Complexity of use,
ég'g Reliability . from user survey

USER REFERFICES

(1) User list not received

(2)

(3)

*See point system description.
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ASSATY PRINCIPLE

D-145 Code No. 142

COMMERCIAL HARDWARE DESCRIPTION

Photometric/Absorption/Ultraviolet

Carl Zeiss, Inc.

USER FEFERE..CES

(1)

(2)

3

VENDOR
New York, New York 10018
- INSTRUMENT Photometer
MGDEL OR CATALOG NO. 'na-3
Points* Factor Specifications
10.6 Cost $7,950
10.8  volume (ud) 0.094
11.6  weight (kg) 45.4
10.9 Complexity of use} from user surve
%%;% Reliability u y

User list not reccived

%Sae poiat system descriftion.



D-146 Code No. 143

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Fhotometric/Absorption/Visible

VENDOR Carl Zeiss, Inc.

New York, New York 10018

Digital Photometer Indicator

" INSTRUMENT
MODEL OR CATALOG No. -3 00 38
Points#* Factor Specifications
15.1 Cost $1,920
15.0 Power required 115/230 Vv + 10%, 50/60 Hz, 50 watts
17.1 Volume (m3) 0.015
17.2 Weight (kg) 8.2
10.0 Complexity of use-
10.0 Reliability j from user survey

USER REFERENCES

1) User list not received

(2)

(3)

*See point system description.
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D-147 Code No. 144

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Refraction/Polarimetry

VENDOR Carl Zeiss, Inc.

New York, New York 10018

* INSTRUMENT Circle Polarimeter 0.05°

MODEL OR CATALOG No. >° 01 97

Points* Factor Specifications

16.8 Cost $1,255

15.9 Power rzquired 110V, 50/60 Hz, 40 watts
16.4 Volume (m3) 0.018

20.7 Weight (kg) 4.4

10.0 Complexity of use

10.0 Reliability ] from user survey

USER REFERENCES

(L User list not received

(2)

(3)

*See point system description.



D-148 Code No. 145

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Light Microscopy

VENDOR Carl Zeiss, Inc.

New York, New York 10018

* INSTRUMENT Axiomat Microscope System

U
MODEL OR CATALOG NO. T

Points* Factor Specifications

Cost $40,000

Power required 115V, 60 Hz, 800 watts
Volume (m3) 0.343

Weight (kg) 147.4

Complexity of use
Reliability

s
O O 00~~~
OO LWV

} from user survey

(%
iy
o

‘I

USEZR REFERENCES

1) User survey not completed

(2)

(3)

*See point system description.
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D-149 Code No. 146

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet

VENDOR Tracor Instruments

Austin, Texas 78721

" INSTRUMENT 800D Tunable Absorption Detector

MODEL OR CATALOG No, 38100

Points* Factor Specifications
12.6  Cost $4,000
20.3 ?ower required 115V, 50/60 Hz, (est.)15 watts
13.4  Volume (m3) 0.040
14.5 Weight (kg) 18.1 (est.)

10.90 Complexity of use
10.0 Reliability
80.8&

] from user survey

USER REFERENCES

1) No user list received

(2)

(3)

*See point system description.



ASSAY PRINCIPLE

VENDOR

Code No. 147

D-150

COMMFRCIAL HARDWARE DESCRIPTION

“hotometric/Refraction/Light Scattering

The Virtis Company

Gardiner, New York

" INSTRUMENT

Brice-Phoepix Light Scattering Photometer. . ___

MODEL OR CATALOG NO.

BP-2000

Points* Factor Specifications
12.7 Cost $3,870
10.9 Power required 115V, 60 Hz, 180 watts
14.2 Volumne (m3) 0.031
9.6 Weight (kg) 94.3 (est.)
17.0  complexity of use
§g.g Reliability ] from user survey

USER REFERENCES

(1)

(2)

(3)

15 yr

8 yr

lyr

J. Kratohvil 315/268-2353
Clarkson College of Technology
Department of Chemistry
Clarkson “ollege of Technology
Potsdam, New York 13676

R. J. Fiel 716/592-2834
Roswell Park Memorial Institute
Springville Laboratories
Springville, New York 14141

Dr. Neil Wotherspoon 212/650-6615
Mt. Sinai School of Medicine
Environmental Sciences Laboratory
New York, New York 10029

*See point system description.
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D-151 Code No. 148

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Photometric/Refraction/Light Scattering

VENDOR

C. N. Wood Mfg. Co.

Newtown, Pennsylvania

Monophotometer

MODEL OR CATALOG NO.

5000 with DM 300 and BCD output

Complexity of

use

Points* Factor Specifications
12.8 Cost $3,760
11.4  Power required 115V, 50/60 Hz, 150 watts
10.5  Volume (m3) 0.107
12.0  Weight (kg) 39.5
14.7
19.2

Reliability

USER REFERENCES

1) 2 yr
(2) 10 yr
€))] 1yr

] from user survey

Gilbert F. Pollnow, Ph.D. 414/424-1480
University of Wisconsin-Oshkosh

Department of Chemistry

800 Algoma Blvd.

Oshkosh, Wisconsin 54901

Larry Pillepich 517/636-1547
Dow Chemical Co.

743 Building

Midland, Michigan 48640

Theodore T. Herskovits 212/933-2233
Fordham University
Bronx. New York 10458

*See point system description.



D~152 Code No. 149

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Visible

VENDOR Gamma Scientific, Inc.

San Diego, California

" INSTRUMENT Digital Photometer/Radiometer

MODEL OR CATALOG NO. 820 with 820-16C head

Points* Factor Specifications
16.1 Cost $1,475
23.1 Power required 110/220 v, 50/60 Hz. 9 watts
19.5  Volume (m3) 0.009
21.8 Weight (kg) 3.6

10.0  complexity of use

10.0  Reliability } frem user survey

USER REFERENCES

(1) 1yr A. E. Froluvek 513/977-7050
Measurement & Control Section
Procter & Gamble
6300 Center Hill Road
Cincinnati, Ohio 45224

(2)

(3)

*See point system description.
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D-153 Code No. 150

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet

VENDOR Varian
Palo Alto, California

635M Uv-vic Spectrophotometer

MODEL OR CATALOG No. _ 00~100056-01

Points* Factor Specifications
11.2 Cost $6,345
10.6 Power required 110/115/220/240 V, 50/60 HZ, 200 watts
10- 8 Volumne (m3) 0.096
12.4  yeight (kg) 34.0

10.0  complexity of use

10.0  Rejfability ] from user survey

USER REFERENCES

1) 6 mo Richard Lauver 216/433-4000
NASA/Lewis Research Center
21000 Brookpark Road
Cleveland, Chio 44135

(2)

(3)

*See point system description.
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D-154 Code No. 151

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet

VENDOR Searle Analytic, Inc., Buchler Instrument Div.

Fert Lee, New Jersey

- INSTRMNT Fracto—Scan
MODEL OR CATALOG No. _ > 100
Points* Factor Specifications
15.9 Cost $1,550
15.0 Power required 110-115 v, 50/60 Hz, 50 watts
19.0  Volume (m3) 0.010
17.7  Weight (kg) 8.2

10.0  complexity of use

10.0  Reliability j from user survey

USER REFERENCES

1) 1m Robert T. Cook 216/368-2695
Case Western Reserve University
2085 Adelbert Rd.
Cleveland, Ohio 44106

(2)

3)

*See point system description.
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D-155 Code No. 152

COMMERC1A!, HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet

VENDOR

MODEL OR CATALOG NO.

Mic-omedic Systems, Inc.

Philadelphia, Pennsylvania

* INSTRUMENT Spectrophotometer

MS-2

Points* Factor Specifications

11.5 Cost $5,795

8.0 Power required 115/230 Vv + 10%, 50/60 Hz, 625 watts
10.5  Volume (m3) 0.108

11.7  Weight (kg) 42.6

10.0 Complexity of use

%2;9 Reliability } from user survey

1.7

USER REFERENCES

1) L

(2)

(3)

mo Dr. A. Pollard 416/596-4459
University of Toronto
550 University Avenue
M:, Sirai Hospital
Toronto, Ontario, Canada

*See point system description,

| W



D-156 Code No. 153

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Photometric/Absorption/Ultraviolet

;

Reliability

(o]
(O8]
.

[«

USER REFERENCES

(1) 15 yr

(2)

(3)

VENDOR LKB Instruments, Inc.
Rockville, Maryland
* INSTRUMENT Uvicord I UV Absorptiometer
MODEL OR CATALOG No. _ 4700 A-1
Points* Factor Specifications
16.2 Cost $1,435
14.1 Power required 110/220 v, 60 Hz, 65 watts
16.4  Volume (m3) 0.018
16.9  Weight (kg) 10.0
10.0
10.0 Complexity of use} from user survey

Dr. M. D. Poulik 313/549-7000, Ext. 245
Wiliiam Beaumont Hospital
Royal Oak, Michtgan 48072

*See point system description.
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D-157 Code No. 154

COMMERCIAL HARDWARE DLSCRIPTION

ASSAY PRINCIPLE Phc\tometric/Absotption/UltravioLet

VENDOR GCA/McPherson Instrument

Acton, Massachusetts

* INSTRUMENT UV Visible Spectrophotometer (single-beam)

MODEL OR CATALOG No. EU-701-D

Points* Factor Specifications
11.4  cCost $5, 800
8.9 Power required 115/230 Vv, 50/60 Hz, 400 watts
10.4 Volume (m3) 0.109
ig-g Weight (kg) 81.6
19'3 Crmplexity of use} from user survey

Reliability

~J
(Yl
o

USER REFERENCES

Q)  3yr D. A. Fischman 312/753--2701
University of Chicago
1103 East 57gh Street
Chicago, Illinois 60637

(2) 1yr Sarah C.R. Elgin
Farvard University
The Biological Laboratories
16 Divinity Avenue
3 Cambridge, Massachusetts 02138

*See point svystem description.



D-158 Code No. 155

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet

VENDOR GCA/McPherson Instrument

Acton, Massachusetts

" INSTRUMENT UV Visible Ratio Recording Spectrophotometer (double-beam)

MODEL OR CATALNG NO.- EU-707-D

Points* Factor Specifizat ins
10.9 Cost $6,975
8.9 Power required 115/230 Vv, 50/60 Hz, 400 watts
10.2 Volune (m3) ¢.117
9.4 Weight (kg) 104.3
10.0
10.0 Complexity of use} from user survey

Reliabilicy

USER REFERENCES

1) 1 mo Charles E. Elson 608/262-2727
University of Wisconsin
1270 Linden Drive
Madison, Wisconsin 53706

(2)

(3)

*See point system descriptinon.
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D-159 Code No. 156

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet

VENDOR DuPont Co., Instrument Products Div.

Wilmington, Delaware

- INSTRUMENT Split-Beam Photometric Analyzer

400
MODEL OR CATALOG NO.

Points* Factor Specifications

12.0 Cost $4,750
9.3 Power required 95-130 V, 60 Hz, 345 watts
9.8 Volume (m3) 0.142
3-2 Weight (kg) 113.4

10.0 3

10.0 Complexity of use} from user survey

Reliability

[«
o
w

USER REFERENCES

1, 11 yr William H. Wagner 304/747-5352
Union Carbide Corporation
P. 0. Box 8361
South Charleston, West Virginia 25303

(2)

(3)

*See point system description.



D-160 Code No. 157

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet

VENDOR BiO'DynamiCS N Inc.

Indianapolis, Indiana

* INSTRUMENT DIGITEK
MODEL OR CATALOG No. 0900
Points* Factor Specifications
16.1 Cost $1,495
17.7 Power required 100-120 V + 12%, 50/60 Hz, 55-24 watts
16.6  Volume (m3) 0.017
21.0 Weight (kg) 4.2

10.0 Complexity of use

10.0  Reliability } from user survey

USER REFERENCES

1) 4w Gary A. Nelson, M.D. 601/924-7994
University of Mississippi
418 Clinton Blvd.
Clinton, Mississippi 39056

(2)

(3)

*See point system description.
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D-161 Code No. 158

COMMERCIAL HARDWARE TESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet

VENDOR Gilford Instrument Labs Inc.

Oberlin, Ohio

* INSTRUMENT Spectrophotometer

MODEL OR CATALOG NO. __ 250

Points* Factor Specifications
11.2 Cost $6,250
10.4 Power required 105-125 V, 50/60 Hz, 218 watts
1i.2  Volume (m3) 0.083
10.4 Weight (kg) 68.5
10.0 Complexity of use R
10.0 Reliability } from user survey

(=)
w
N

3

USER REFERENCES

(1) 2 mo Amadeo J. Pesce 515/872-5371
University of Cincinnati
College of Medicine
Bethesda Avenue
Cincinnati, Ohio 45267
(2)

(3)

*See point system description.



D-162 Code No. 159

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Visible

VENDOR E-C Apparatus Corp.

St. Petersburg, Florida

* INSTRUMENT Transmission Densitometer
MODEL OR CATALOG No. °¢ 910
Points* Factor Specifications
16.4 Cost $1, 385
16.8 Power required 110/220 v, 50/60 Hz, 32 watts
13.2 v°1utne (m3) 0.0[02
16.0  weight (kg) 12.2

10.0 Complexity of use

£ :
10.0  Reliability } from user survey

USER REFERENCES

Q) 2y C. E. Dasch 614/826-8221
Muskingu® “ollege
New Concord, Ohio 43762

(2)

3)

4See point system description.
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ASSAY PRINCIPLE

D-163 Cnde No. 160

COMMERCTAL VAR™»7 ¥ DLICRIPTION

Photometric/Absorption/Visible

Glenco Scientific Inc.

10.0 Reliability

USER REFERLXCES

(1) 9 mo

(3

'See point system des

VENDOR .
Houston, Texas
* INSTRUMENT Concentration Colorimeter
MCDEL OR CATALOG No. _°> A°FC )
Points* Factor Specifications
23.0  cCost $355
25.6  Power required 115V, 50/60 Hz, 6 watts
33.7 Volunre (m3) 0.001
27.6 Weight (kg) 1.4
10.9 Complexity «f use

} from user survey

Phil Sulser 305/578-2598
Cordis Corp.

Laboratory Division

P. 0. Box 370428

Miami, Florida 33137

cripticn.



D-16h4 Code No. 161

COMMERCIAL HARDW..RE DESCRIITION

ASSAY PRINCIPLE Photometric/Absorption/Visible

VENDOR Bausch & Lomb, Analytical Systems Div.

Rochester, New Tork

* INSTRUMENT Spectronic 70 Spectrophctometer

MODEL OR CATALOG N0,  33-30-41

Points* Factor

Specifications

17.1 Cost

13.¢0 Power required
13.6  Volume (m3)

15.0  Weight (kg)

10.0 Complexity of use
10.0  Reliability

USER REFERENCES

1) 5 yr Paul M. Guter

$1,155

115/220 v, 50/60 Hz, 90 watts
0.038

15.9

} from user survey

412/537-5551

Teledyne-Vasco

P. 0. Box 151

Latrobe, Pennsylvania 15650

(2)

(3)

*See point system descriptionm.

e e - em a B N L

nh



SR TS R e ey 5
A L .

5

e

’.

s ess eoow oy oUW NS G P Peed  bees B

" INSTRUMENT

D-165 Code No. 162

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Photometric/Absorption/Visible

VENDOR

Bausch & Lomb, Analytical Systems Div.

Rochester, New York

Spectronic 100 Spectrophotometer

MODEL OR CATALOG NO.

33-30-43

Points* Factor Specifications
14.6  Cost $2,195
12.6 Power required 118v, 50/60 Hz, 100 watts
14.0  volume (m3) 0.034

10.0 Complexity of use

10.0  Relfability

USER REFERENCES

1 4 yr

(2)

(3)

} from user survey

Marlon Larsen, ¢h.D.
ICN United Medical Lab, Inc.
Box 3932

Portland, Oregon 97208

*See point system description,

503/255-1220, Ext.

222



D-166 Code No. 163

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Emission/Fluorimetry

VENDOR Baird-Atomic

Bedford, Massachusetts

* INSTRUMENT Fluorimet Filter Fluorometer

MODEL OR CATALOG No, FM-200

Points* Factor Specifications
18.8 Cost $795
9.6 Power required 110V, 60 Hz, 300 watts
16.2 Volume (m3) 0.219
15.6  Weight (kg) 13.5
10.0  complexity of use
;O'g Reliability } from user survey
0.

USER REFERENCES

1) 4 yr Dr. S. G. Schulman 904/392-3370
University of Florida
College of Pharmacy
Box 779

) Gainesville, Florida 32610
2

(3)

*See point system description.
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D~167 Code No. 164

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Refraction/Refractometry

VENDOR Pharmacia Fine Chemicals, Inc.

Piscataway, New Jersey

* INSTRUMENT Differential Refractometer

MODEL OR CATALOG No.  00L

Points* Factor Specifications
14.3 Cost $2,359
19.7 Power required 105-125 v, 60 Hz, 17 watts
17.8  Volume (m3) 0.013
18.3 Weight (kg) 7.3

10.0  Complexity of use

10.0  Reliability } from user survey

USER REFERENCES
(1) 2 yr C. A. Daniels, M.D., Ph.D. 919/684-2129
Duke University

Department of Pathology
Durham, North Carolina 27710

(2)

(3)

*See point system description.
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The J. M. Smucker Co.
Strawberry Lane’
Orrville, Ohio 44667

(2)

(3)

*See point system description.

D-168 Code No. 165
COMMERCIAL HARDWARE DESCRIPTION
ASSAY PRINCIPLE Photometric/Refraction/Refractometry
VENDOR Rausch & Lomb, Analytical Systems Div.
Rochester, New York
" INSTRUMENT Abbe-3L Refractometer
MODEL OR CATALOG No, _ 33-45-71
Points* Factor Specifications
16.4 Cost $1,395
30.4 Power required 115V, 50/60 Hz, 3 watts
17.1  Volume (m3) 0.015
19.1  Weight (kg) 6.1
igg g:rﬁig’i(;;zy"f use} from user survey
103.0
USER REFERENCES
1 7y Roger W. Reiman 216/682-0015, Fxt. 235
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D-169 Code No. 166

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Electrometric/Potentiometry

VENDOR Environmental Sciences Assoc. Inc.

Burlington, Massachusetts

“INSTRUMENT Multiple Anodic Stripping Analyzer

MODEL OR CATALOG No. 2014

Points* Factor Specifications
11.4 Cost $5,950
15.9 Power required 110/240 v, 50/60 Hz, 40-30 watts
13.2  Volume (m3) 0.043
15.7 Weight (kg) 13.2

10.0 Complexity of use

10.0 Reliability } from user survey

USER REFERENCES

1) 4y Nancy A. Shelhorse  804/441-2331
Norfolk Health Lab
401 Colley Avenue
Norfolk, Virginia 23507

(2)

(3)

*See point syst:m description.



D-170 Code No. 167

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Electrometric/Conductimetry

VENDOR Markson Science, Inc.

Del Mar, California

" INSTRUMENT Conductivity Analyzer

MODEL GR CATALOG No. 4402

Polnts* Factor Specifications
22.4  Cost $398
22.0 Power required 110V, 50/60 Hz, 11 watts
7.8 Volume (m3) 0.013

1
23.8  Weight (kg) 2.3
' io~0 Complexity of use

0.0  Reliability ] from user survey

USER REFERENCES

(1) 8 mo Dave Brookman 304/296-2554
Borg Warner Chemicals
P. 0. Box 816
Morgantown, West Virginia 26505

(2)

(3)

*See point system description.
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D-i71 Code No. 168

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Electrometric/Conductimetry

VENDOR Micromeritics Instrument Corp.

Norcross, Georgia

- INSTRUMENT Electrophot .tic Mass-Transport Analyzer
MODEL OR CATALOG No. _ 1202
Points* Factor Specifications
13.8  Cost $2, 790
12.6 Power required 115V, 60 Hz, 100 watts
12,6  yolume (m3) 0.051
13.4  yeight (kg) 25.4

10.0 Complexity of use

10.0  Reliability ] from user survey

USER REFERENCES

(1) 4 mo Prof. F. B. Brien 206/543-2620
University of Washington
Division of Metallurgical Engineering
Roberts Hall

@ Seattle, Washington 98195

(3)

*See point system descriptionm.



D-i72 Code No. 169

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Electrometric/Conductimetry

VENDOR Myron L. Co.

Encinitas, California

* INSTRUMENT DS Meter

MODEL OR CATALOG NO. EF

Points* Factor Specifications
26.5 Cost $20s
50.0 Power required battery enclosed
33- 7 vOlum (m3) 0.001
35.7  Weight (kg) 0.5

10.0 Complexity of use

10.0 Reliability } from user survey

USER REFERENCES

(1) 15 mo Terry G. Kinmer 714/487-3000, Ext. 321
Burroughs Corp.
16701 West bernard Drive
San Diego, Caliio-ni. 92127

(2)

(3)

*See point system description.
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D-173 Cnde No. 170

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

VENDOR

Electrometric/Conductimetry

Wescan Instruments, Inc.

Santa Clara, Califormia

" INSTRUMENT

Conductivity Meter

MQ.. .1, OR CATALOG NO.

210 with 219-200 cell

Points* Factor Specifications
19.0  Cost $770
22.5 Power required 115v, 50/60 Hz, 10 watts
21.6 v (m3) 0.006
24.1 We. ‘kg) 2.4
10.0  compl:xity of use
10.0 Reliability } from user survey
107.2

JSER REFERENCL3

1)

(2)

(3)

7 mo

L. N. Lightfoot 608/262-6% 4 or 262- ;8
University of Wisconsin

30i8 Chemical Engineering Bldg.

Madison, Wisconsin 53706

*See point system description.



D-174 Code No. 171

COMMERCIAL HARTWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/Direct Radiation Counting

VENDOR Picker Corp.

Cincinnati, Ohio

" INSTRUMENT Labmonitor

MODEL OR CATALOG Ko, ©42-081

Points* Factor Specifications
21.7 Cost $450
17.4 Power required 115V + 10Z, 60 ilz, 28 watts
14.1  Volume (m3) 0.033
19.2  Weight (kg) 5.9

10.0 Complexity of use

10.0 Reliability ] from user survey

USER REFERENCES

(1) 2-1/2 yr L. D. McCreary 513/562-9508
Procter and Gamble Co.
Box 39175
Cincinnati, Ohio 45239

(2)

(3)

*See point system description.
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D-175 Code No.
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/Ganma Spectrometry

VENDOR The Nucleus Inc.

Oak Ridee, Tennessee

* INSTRUMENT Clinical Spectrometer

MODEL OR CATALOG No. 1000

Points* Factor Specifications
15.0 Cost $1,990
14.4 Power required 115V, 50/60 Hz, 60 watts
15.8  Volume (m3) 0.021

13.9 Weight (kg 21.8
10.0 Complexity of use

10.0  Reliability ] from user survey

USER REFERENCES

Q) g Allen M. Webb  615/482-4939
Clinical Laboratory Associates
145 East Vance Road
Oak Ridge, Tennessee 37830

(2)

(3)

*See pount system description.



D~176 Code No. 173

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Electrometric/Conductimetry

VENDOR Amstro Corp.

Hackettstown, New Jersey

* INSTRUMENT Dissolved Solids Meter

MODEL OR CATALOG NO.

Points* Factor Specifications
26.7 Cost $198
50.0 Power required battery enclosed
33. 7 v°1ume (m3) 0 . 001
40.5  yeight (kg) 0.3

10.0 Complexicy of use

10.0  Reliability } from user survey

USER REFERENCES
Q1) 5 mo Mike Hrivnak 216/581-3000
Cleveland Cap Screw

4444 Lee Road
Cleveland, Ohio

(2)

(3)

*See point system description.
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D-177 Code No. 174

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Pattern Recognition Compt (Image Analyzer)

VENDOR Carl Zeiss, Inc.

New York, New York 10018

- INSTRUMENT Micro-Videomat
MODEL OR CATALOG No. 7 76 00
Pcints* Factor Specifications
7.3 Cost $35,000
7.1 Power required 115v, 60 Hz, 1000 watts
6.4 Volume (m3) 0.750
9.5 Weight (kg) 99.8
10.0  complexity of use
%g;% Reliability 1 from user survey

USER REFERENCES

(1) Users not completed

(2)

(3)

*See point system description.



D-178 Code No. 175

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Refraction/Light Scatter

VENDOR Monitor Technology, Inc.

Redwood City, California

- INSTRUMENT Laboratory Turbidimeter

MODEL OR CATALOG No, 120

Points* Factor Specifications
19.6 Cost $675
17.9  Power required 110V, 60 Hz, 25 watts
19.5 Volume (m3) 0.009
21.8  yeight (kg) 3.6 (est.)

10.0 Complexity of use

10.0 Reliability } from user survey

USER REFERENCES

(1) No users list

(2)

(3)

*See point system Jde cription.
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D-179 Code No. 176

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Ptoton Counting

VENDOR Ortec, Inc.

Oak Ridge, Tennessee

Photon Counting System

" INSTRUMENT

MODEL OR CATALOG No.  °C1

Points? Factor Specifications
11.1  Cost $6,405
13.6  Power required 115V, 60 Hz, 75 watts
13.3  Volume (m3) 0.041

10.0  complexity of use

10.0  Relfability ] from user survey

USER REFERENCES

(1) No user list

(2)

(3)

*See point system description.



ASSAY PRINCIPLE

VENDOR

" INSTRUMENT

D-180 Code No. 177

COMMERCIAL HARDWARE DESCRIPTION

Photometric/Photon Counting

Ortec, inc.

Oak Ridge, Tennessee

Photon Counting Systen

MODEL OR CATALOG NO.

(typical system based on 401A/402a NIM-BIN)

Points* Factor Specifications
11.8 Cost $5,145
12.8 Power required 103-129 v, 50-65 Hz, 96 watts
13.1  Volume (m3) 0.044
12.6  weight (kg) 31.8
12.7  Complexity of use
ég'g Reliability } from user survey

USER REFERENCES

(1)

(2)

(3)

2-1/2

5 yr

John Kerins 201/757-0500
Medi-Physics, Inc.

900 Durham Avenue

South Plairfield, New Jersey 08830

D. Charleston 312/947-5056
University of Chicago

950 East 59th Street

Chicago, Ii'+nois 60637

Dr. F. A. Grere 312/234-3100
Lake Forest Collete
Lake Forest, Illinois 60045

*See point system description.
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D-181 Code Nc., 178

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Photon Counting

VENDOR Ortec, Inc.

Oak Ridge, Teunessee

* INSTRUMENT Photon Counting System

MODEL OR CATALOG NO. (typical system based on 401M/402M NIM-BIN)

Points* Factor Specifications
13.2 Cost $3,290
15.2  Power required 115/230 V, 47-65 Hz, 48 watts
14.4 Volunme (m3) 0.030

10.0 Complexity of use

10.0  Reliability ] from user survey

USER REFERENCES
(1) 3 mo J. C. Widman 313/562-6000, Ext. 444
Veterans Hospital

Nuclear Med ' cine
Allen Park, Michigan 48101

(2)

(3

*See point system description.
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D-182 Code No. 179

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/Scintillation Counting

VENDOR Ortec, Inc.

Oak Ridge, Tennessee

" INSTRUMENT Shielded Well Counting System
MODEL OR CATALOG No. 4801
Points* Factor Specifications
11.4  Cost $5,995
12.6 Power tequired 110/220 V, 47-65 HZ, 100 watts
10.9 Vclumne \m3) 0.092
8.5  Weight (kg) 152.0
10.0 Complexity of use} from user survey
%%:% Reliability y

USER REFERENCES

(1) Users not completed

(2)

(3)

*See point system description.
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D-183 Code No. 180
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COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet

VENDOR Altex Scientific, Inc.

Berkeley, California

Biochemical UV Monitor

“INSTRUMENT
MODEL OR CATALOG No. _ 130-00
Points* Factor Specifications
17.8 Cost $995
14.4 Pover required 115/230 Vv, 50/60 Hz, 60 watts
17.8  Volume (m3) 0.013
18.8 Weight (kg) 6.5 (est.)

Complexity of use

10.0  Reliability ] from user survey

USER REFERENCES

(1) Users not completed

(2)

(3)

*See point system description.
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D-184 Code No. 181

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet

VENDOR Altex Scientific

Berkeley, California

* INSTRUMENT Analytical UV Detector

MODEL OR CATALOG No. 133-00

Points* Factor Specifications
16.4 Cost $1,395
14.4  Power required 115/230 v, 50/60 Hz, 60 watts
17.8  Volume (m3) 0.015
18.8  Waipght (kg) 6.5 (est.)
10.0 Complexity of use-.
10.0 Reliability §j from user survey

USFR REFERENCES

(1) Users not completed

(2)

(3)

*See point system description.
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D-185 Code No. 182

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Photometric/Absorption/Ultraviolet

VENDOR

International Light, Inec.

Newburyport, Massachusetts

"INSTRUMENT

Digital Actinic Radiometer

MODEL OR CATALOG NO.

IL-730

Points#* Factor Specifications
16.5  Cost $1, 344
15.0  Power requireA 115/230 Vv, 50/60 Hz (or 10-28 VDC),
21.5  Volume (m3} 0.006 (est.) 50 watts
18.6 Weight (kg) 6.8

10.0 Complexity c¢f use

10.0  Reliability

USER REFTRENCES

(1)

(2)

(3)

] from user survey

Users not completed

*See point system description.
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D-186 Code No. 183

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet

VENDOR Perkin Elmer Corp.

Norwalk, Connecticut

* INSTRUMENT 402 UV/VIS Spectrophotometer

MODEL OR CATALOG No, 2220001

Points* Factor Specificati o
19.4  cost $8,480
10.0  Power required 115V, 60 Hz, 250 watts
9.8 vyolume (m3) 0.140
10.7  weight (kg) 62.0
10.0 Complexity of use )
10.0  Reliability } from user survey

o
o
(Yo

1

USER REFERENCES

(1) No users llist

(2)

(3)

*See point system descrip=ion.
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D-187 Code No. 184

COMMERCIAL HARDWARE DESULRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet

VENDOR Rudolph Instruments Engineering Co., Inc.

Little Falls, New Jersey

“INS' £ MENT Photometer

MODEL OR CATALOG No. 1114

Points* Factor Specifications
16.2  Cost $1,460
15.0  Power required 95-130 V, 60 Hz, (est.) 50 watts
17.1  Volume (m3) 0.015
17.2  wWeight (kg) 9.3
10.0  Complexity of use- ¢
10.0 Reliability 3 rom user survey
85.5

USER REFERENCES

(1) Users not completed

(2)

(3)

*See point system description.
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D~188 Code No. 185

————

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Photometric/Absorption/Ultraviolet

VENDOR

Sargent-Welch Scientific Co.

Cincinnati, Ohio

" INSTRUMENT

Hiachi 102 Spectrophotometer

MODEL OR CATALOG NO.

5~75616-20

Points* Factor Specifications
13.5 Cost $2,990
11.6 Power required 105-125 v, 50/60 Hz, 140 watts
12.4  Volume (m3) 0.054
13.8 Weight (kg) 22.0

10.0 Complexity of use

10.0 Reliability

USER REFERENCES

Q)

(2)

(3)

} from user survey

No users list

*See point system description.
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1% D-189 Code No. 186
E COMMERCIAL HARDWARE DESCRIPTION

- ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet

g VENDOR Sargent-Welch Scientific Co.

Cincinnati, Ohio

WP TIPS IR

,
Bewicand M
e o

* INSTRUMENT Hitachi 191 Spectrophotometer

MODEL OR CATALOG No.  S-75618-35

B
[
-

PR

3o
[T Te—y
»

; 57 Points* Factor Specifications
. 13.1  Cost $3, 350
1 g 11.6  Power required 105-125 V, 50/60 Hz, 140 watts
. de 10.9  Volume (m3) 0.092
_— 12.4  Weight (kg) 34.0
i 10.0  Complexity of use
P 10.0  Relfability } from user survey
: 68.0

[ ZYCYPY]
“

USER REFERENCES

1) No users list

)

(3)
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*See point system description.




ASSAY PRINCIPLE

D-190 Code No. 187

COMMERCIAL HARDWARE DESCRIPTION

Photometric/Absorption/Visible

VENDOR

Gilford Instrument Labs, Inc.

Oberlin, Ohio

" INSTRUMENT

Electrophoresis Analyzer

MODEL OR CATALOG NO.

3004

Points* Factor Specifications
11.0  cost $6,740
9.6 Power required 115/230 V + 10Z, 50/60 Hz, 297 watts
1(9)-3 Weight (kg) 90.7
. Complexity of use
ég.g Reliability } from user survey

USER REFERENCES

1)

(2)

3)

Users not completed

*See point system description.
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D_191 COde No. 188
F COMMERCIAL .ARDWARE DESCRIPTION
¥
ASSAY PRINCIPLE Photometric/Absorption/Visible
: ;; VENDOR Artronix Instrumentation
; T St. Louis, Missouri
Eoae
R 2
E - INSTRUMENT Isodensitometer
| MODEL OR CATALOG No. _ 17%°
:
for
L
é‘ i& A -
g iﬁ Points* Factor Specitications
) 11.7  cost $5,400
‘g" 15.0 Power required 115/230 Vv i 10%, 50/60 Hz, 50 watts
@ 12.0  vyolume (m3) 0.063
13.7  wWeight (kg) 23.2

10.0 Complexity of use

10.0 Reliability } from user survey

USER REFERENCES

ANEWR Ry ol

. I KR ok 2 e IR s o
- R T N PO T F e SR s el 52 RO [ o o e - R

) No users list

Wht) o g

(2)

(3)

SPERITR i

TR

*See point system description.




ASSAY PRINCIPLE

D-192 Code No. 189

COMMERCIAL HARDWARE DESCRIPTION
Photometric/Absorption/Visible

Electro Optical Industries, Inc.

10.0  Relfability
96.8

USER REFERENCES

(1)

(2)

(3)

*See point system des

VENDOR
Santa Barbara, California
* INSTRUMENT Auto Ranging Photometer
MODEL OR CATALOG No, A 423 D
Points* Factor Specifications
16.1 Cost $1,500
18.9 Power required 100/115/200/230 Vv, 50-400 Hz, 20 watts
20.0 Volume (m3) 0.008
21.8  yeight (kg) 3.6
10.0  complexity of use

} from user survey

No user list

cription.



. '
b g

S

' e

porrg

R )

S

SRR g p

GND SED WD my Pmy P Poig g P et T

ey

FERRN

Bosaumied M‘!
PE [ Se—

o, §
* ,

D-193 Code No. 190

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Photometric/tbsorption/Visible

Markson Science, Inc.

USER REFERENCES

Q1)

()

3)

VENDOR
Del Mar, Califormia
 INSTRUMENT Colorimeter
MODEL OR CATALOG No. /%92
Points* Factor Specifications
31.6 Cost $100
30.4 Power requirea 115v, 50/60 Hz (or 6/12 VDC), 3 watts
33.7  volume (m3) 0.001
30.8 Weight (kg) 0.9
10.0  complexity of use} from user surve
10.0  Relfability use Y

Users not completed

*See point system description.
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D-194 Code No. 191

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Visible
VENDOR G. K. Turner Assoc.

Palo Alto, California
" INSTRUMENT Spectrophotometer

MODEL OR CATALOG No.  350-000

Points® Factor Specifications
19.2  Cost $735
15.0  Power rquired 100-130 V, 50/60 Hz, 50-30 watts
15.1 Volume (m-”) 0.025
17.7  Weight (kg) 8.2
10.0 Complexity of use
10.0 Reliability } from user survey
87.0

USER REFERENCES

(1)

(2)

(3)

No user list

*See point system description.
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D-195 Code No. 192

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Visible

VENDOR Vactec, Inc.

Maryland Heights, Missouri

Portable Photometer

MODEL OR CATALOG KO. 3107 with 3109 probe

Points* Factor Specifications
21.5 Power required 115v, 50/60 Hz, 12 watts (or internal
22.6  yolume (wd) 0.005 batteries)
ig-g Weight (kg) 2.0
: Complexity of use
10.0 Reliability ] from user survey

112.3

USER REFERENCES

1) No user list

(2)

(3

*See point system description.
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D-196 Code No. 193

COMMERCIAL HARDWARE DESCRIPTION

12.6  pawer required
18.1  vyolume (m?)

ASSAY PRINCIPLE Photometric/Emission/Fluorometry
VENDOR American Instrun:nt Co.
Silver Spring, Maryland
* INSTRUMENT Fluoro-Monitor
MODEL OR CATALOG No, _ J~7461
Pointg® Factor Specifications
16.4  Cost $1,375

115V, 60 Hz, 100 watts
0.012

18.6  yweight (kg) 6.8
10.0  complexity of US€Y from user surve
10.0  Re3jiability v
85.7

USER. REFERENCES

(1) Users not completed

(2)

(3)

*See point system description.
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D-197 Code No. 194

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Emission/Fluorometry

VENDOR G. K. Turner Assoc.

Palo Alto, California

- INSTRUMENT Spectroflurometer

MODEL OR CATALOG §o.  230-000

Points* Factor Specifications
12.6  Cost $3,990
9.3 Power required 105-130 Vv, 48-65 Hz, 340 watts
11.8 volum (m3) 0.066
1(2)-3 Weight (kg) 34.5
10'0 Complexity of use} from user survey

2>~  Reliability

USER REFERENCES

(1) No user list

(2)

(3)

*See point system description.



D-198 Code No. 195

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Photometric/Emission/Fluorometry

VENDOR

Baird-Atomic

Bedford, Massachusetts

" INSTRUMENT

Fluoripoint FP-100 Spectrofluorometer

MODEL OR CATALOG NO.

053687

Points* Factor Specifications
13.6 Cost $2,950
6.9 Power required 110V, 60 Hz, 1150 watts
10.6 Volume (m”) 0.103
18.7 Weight (kg) 61.7
10.0  Complexity of use
ég'g Reliability ] from user survey

USER REFERENCES
(1)

(2)

(3)

Users not completed

*See point system description.
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ASSAY PRINCIPLL

D-199 Code No. 196

COMMERCIAL HARDWARE DESCRIPTION

Electrometric/Conductimetry

Beckman Instruments, Inc., Cedar Grove Operations

1
1
io'o Complexity of use

10.0  Reliability

USER REFERENCES

Q)

(2)

(3)

VENDOR
Cedar Grove, New Jersey

. INSTRMNT CODd\lCtiVity b. -dge
MODEL OR CATALOG No. _ RC-18A
Points* Factor Specifications

15.0 Cost $i,971

15.0 Power required 115/230 v, 50/60 Hz, 50 watts

3.8 Volune (m3) 0.036

5.0 Weight (kg) 15.9

] from user survey

No user list

*See point system description.

——



D-200 Code No. 197

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Electrometric/Conductimetry

VENDOR Beckman Instruments, Inc., Cedar Grove Operations

Cedar Grove, New Jersey

" INSTRUMENT Conductivity Bridge

MODEL OR CATALOG No. _ RC-19

Points* Factor Specifications
17.6 Cost $1,053
33.6 Power required 115/230 v, 50/60 Hz, 2 watts (or
18.1  vVolume (md) 0.012 internal battery)
20.6 Weight (kg) 4.5

10.0  complexity of use

10.0  Reliability ] from user survey

USER REFERENCES

(1) No user list

(2)

3)

*See point system description.
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D-201 Code No. 198

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Electrometric/Potentiometry

Honeywell, Inc.

0
-]
o

3

USER REFERENCES

(1)

(2)

(3)

VENDOR
Fort Washington, Pennsylvania
* INSTRUMENT Conductivity Signal Conditioner
MODEL OR CATALOG No, _ ~-2022
Points* Factor Specifications
19.3 Cost $714
20.3  Power required 100~130 v, 5G6/60 Hz + 10Z, 15 watts
18.5  Volume (m3) €.011
218 Weight (ke) 3.6
10. Complexity of use
10.0  Relfability ] from user survey

Users not completed

*See point system description.
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D-202 (ode No. 199

COMMERCIAL HARDWARE DESCRIFTION

ASSAY PRINCIPLE Photography
VENDOR Nikon, Inc.

Garden City, New York
* INSTRUMENT Nikon 35-mm Camera

MODEL OR CATALOG NO.

F2 motor-drive camera with 250-exposure back and

55-mm Micro-Nikor PIC iens and ring

Points® Factor Specifications
14.6  Cost $2,167
50.0 Power required internal battery
25.6 Volume (m3) 0.003
27.1 Weight (kg) 1.5

10.0 Complexity of use

10.0  Reliability

USER REFERENCES

(1)

(2)

3)

1 from user survey

No user 1list

*See point system description.



E D-203 Code No. 200
: E COMMERCIAL HARDWARE DESCRIPTION
X
- ASSAY PRINCIPLE Electrometric/Potentiometry
E z VENDOR Brinkmann I..struments
: T Westbury, New York
F " INSTRUMENT Metrohm End-Point Titrator
3 i. MODEL OR CATALOG NO, E526
T
ook
. Points* Factor Specifications
;= 15.3  Cost $1,830
j -~ 18.9 Power required 117V, 60 Hz, 20 wattec
A 18.1  Volume (m3) 0.012
! iga Weight (kg) 4.3
T -0 Complexity of use
; é. 10.0  Reliability } from user survey
v 93.1
lf i USER REFERENCES
g i 1) No user list
3
1
H
i
% i: (2)
§
g )
£
i
(3)
g
£

%See point system descriptionm.
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ASSAY PRINCIPLE

D-204 Code No. 201

COMMERCIAL HARDWARE DESCRIPTION

Photometric/Refraction/Nephelometry

[o -]
o
.

-]

USER REFERENCES

(1)

(2)

Reliability

VENDOR Monitor Technology, Inc.
Redwood City, California
" INSTRUMENT Slip-Stream Turbidimeter
MODEL OR CATALOG No. _ 160/131
Points* Factor Specifications
17.8 Cost $985
17.1  Power required 110/220 v, 50/60 Hz, 30 watts
16.6  volume (m3) 0.017
17.3 Weight (kg) 9.1 (est.)
10.0
10.0 Complexity of use} from user survey

No user list

*See point system descriptionm.
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D-205 Code No.

COMMERCIAL HARDWARE DESCRIPTION

[ S

ASSAY PRINCIPLE Photometric/Emission/Fluorometry

VE.‘DOR G. K. Turner Assoc.

Palo Alto, California

Filter Fluorometer

“INSTRUMENT
P MODEL OR CATALOG No. 111-000
P
;i-
g; Points* factor Specifications
P
P 15.5 Cost $1,735
; 3 11.4 Power required 117V, 60 Hz, 150 watts
= 14.5 Volume (m3) 0.029
L 14.6 Weight (kg) 17.7
" 10.0 Complexity of use, ]
s i 10.0 Reliability 3 from user survey
76.0
5 i.
P USER REFERENCES
Pl ) No user list
P
3
2)

3 " -
1 N

. (3)

in
£ IE ‘See point system description.

L
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D-206 Code No.

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Emissiou/Fluorometry

-

203

VENDOR G. K. Turner Assoc.

Palo Alto, California

" INSTRUMENT Spectrofluorometer

MODEL OR CATALOG NO, 210-0000

Points* Factor Specifications
7.9 Cost $25,950

8.1 Power rquired 118V, 60 Hz, 590 watts
8.4 Volume (m~) 0.262

8.9 Weight (kg) 136.1

10.0 Complexity of use

10.0 Reliability } from user survey

53.3

USER REFERENCES
1)

No user list

(2)

(3)

*See point system description.
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D-207 Code No. 204

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Emission/Fluorometry

VENDOR Farrand Optical Co., Inc.

Valhalla, New York

" INSTRUMENT Manual Spectrofluorometer

MODEL OR CATALOG NO. 135800

Points#* Factor Specifications
12.3 Cost $4,400
8.9 Power rquired 115V, 50/60 Hz, 403 watts
9.7 Volune (m”) 0.144
11.1 Weight (kg) 54.0
10.0 Complexity of use
10.0 Reliability } from user survey

USER REFERENCES

(1) No user list

(2)

(3)

*Sce point system description.

—————



D-208 Code No. 205
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Emission/Fluorometry

VENDOR Farrand Optical Co., Inc.

Valhalla, New York

“ INSTRUMENT Ratio Fluorometer-2

MODEL OR CATALOG No. 143370

Points* Factor Specifications
14.0 Cost $2,600

11.0 Power required 115V, 60 Hz, 173 watts
13.7 Volume (m3) 0.037

14.2 Weight (kg) 19.7

10.0 Complexity of use} from user surve

10.0 Reliability y

72.9

USER REFERENCES

(1) No user list

2)

(3)

*See point system description.
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D-209 Code No. 206

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Emission/Fluorometry

VENDOR Farrand Optical Co., Inc.

Valhalla, New York

* INSTRUMENT MK 1 Spectrofluorometer

MODEL OR CATALOG No, 129800

Points* Factor Specifications
11.2 Cost $6,300
8.9 Power required 115V, 50/60 Hz, 403 watts
10.3 Volume (m3) 0.117
10.5 Weight (kg) 67.1
10.0 Complexity of use _
10.0  Reliability } from user survey

USER REFERENCES

(1) No user list

(2)

(3)

*See point system description.
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D~210 Code No. 207

COMMERCIAL HARDWARE DESCRIPTION
ASSAY PRINCIPLE Particle Counting (general)

VENDOR Nuclear Data, Inc.

Schaumburg, Illinois

* INSTRUMENT ND 100 Multichannel Analyzer System

Points* Factor Specifications

10.7 Cost $7,500

10.6 Power required 115/230 v, 50/60 Hz, 200 watts
11.5 Volume (m3) 0.075

13-3 Weight (kg) 27.2

0. Complexity of use

10.0 Reliability ] from user survey

USER REFERENCES

(1) No user list

(2)

(3)

*See point system description.
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D-211 Code No. 208

COMMERCIAL HARDWARE DLSCRIPTION

ASSAY PRINCIPLE Particle Counting (geaeral)

VENDOR Nuclear Data, Inc.

Schaumburg, Illinois

* INSTRUMENT ND-555 Multichannel Analyzer

MODEL OR CATALOG No, 88-0319

Points* Factor Specifications
14.1 Cost $2,495

23.1 Power required 6/12 VDC, 9-6 watts
20.7 Volume (m3) 0.007

21.1 Weight (kg) 4.1

10.0 Complexity of use, . O

10.0 Reliability ] from user survey

99.0

USER REFERENCES

1) No user list

(2)

(3)

*See polint system description.
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D-212 Code No. 209

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Particle Counting (general)

VENDOR Nuclear Data Inc.

Schaumburg, Illinois

* INSTRUMENT ND-1201 Multichannel Analyzer

MODEL OR CATALOG No. 88-0552 with 84-0206 memory

Points* Factor Specifications
12.0 Cost $4,800
8.4 Power required 115/230 v, 50/60 Hz, 500 watts
13.0 Volume (m3) 0.045
13.7 Weight (kg) 22.7
10.0 Complexity of use} from user surve
10.0 Reliability Y

USER REFERENCES

(1) No user list

2)

(3)

*See point system description.

[ —
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D-213 Code No. 210

Ii COMMERCIAL HARDWARE LESCRIPTION
ASS.LY PRINCIPLE Radiometric/Scintillation Counting
1 I: VENDOR Abbott Laboratories, Diggggﬁtics Div.
i North Chicago, Illinois
Yoy
¢ “-
% . * INSTRUMENT Logic 111 M with Auto Logic 100 sample changer
L MODEL OR CATALOG No. _/208-03
oy
; i
T Poinucus* Factor Spucifications
N 10.8 Cost $7,385
T 9.2 Power required 100/117/230 v, 50/60 Hz, 351 watts
L 11.0 Volume (m3) 0.089
. 1%; Weight (kg) 77.1
i 10. Complexity of use
3 10.0 ReTiability ] from user survey
6l1l.1
]
o

USEP. REFERENCES

tapin i

(1) No user list

(2)

(3)

*See point system description.
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ASSAY PRINCIPLE

D-214 Code No. 211

COMMERCIAL HARDWARE DESCRIPTION

Radiometric/Scintillation Counting

VENDOR Beckman instruments, Inc.
Irvine, California
* INSTRUMENT Liquid Scintillation System
MODEL OR CATALOG No. LS-100C
Pointg#* Facter Specifications
10.3 Cost $8,800
8.4 Power required 115V, 50/60 Hz, 520 watts
6.6 Volume (m3) 0.693
7.4 Weight (kg) 270.0
10.0 Complexity of use
10.0 Reliability ] from user survey
52.7

USER REFERE!'CES

Q)

(2)

)

No user list

*See point system descrip -n.
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D-215 Code No.__ 212

o i

COMMERCIAL HARDWARE DESCRIPTION

o

ASSAY PRINCIPLE Electrometric/Conductimetry

s

VENDOR Tri~-R Instruments

Rockville Center, New York

»
* -

* INSTRUMENT DIGI 610 Digital Meter with Conductivity Plug-in

LF 610E (10010 with 30010)

MODEL OR CATALOG NO.

N e VAR A T
Py

EEEVN
Bowimirrin §

i Points* Factor Specifications
4.
14.7 Cost $2,120
g' 14.4 Power required 110V, 50/60 Hz, 60 watts
i 19.0 Volume (m3) 0.010
20.1 Weight (kg) 5.0
i 10.0 Complexity of use; ve
b %g_(z)_ Reliability } rom user survey

USER REFERENCES

(1) No user list

2)

(3)

*See point system description.

1
1
3

I
g
1
,I
i

I

[



x e e e . e

D-216 Code No. 213

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Electrometric/Conductimetry

VENDOR Leeds and Northrup Co.

North Wales, Pennsylvania

" INSTRUMENT i Electrolytic Conductivity Monitor

MODEL OR CATALOG No. /070

Points* Factor Specifications
22.1 Cost $416
21.5 Power required 120v, 60 Hz, 12 watts

17.4 Volume (m3)
17.3 Weight (kg)

10.0 Complexity of use
10.0 Reliability
98.3

USER REFERENCES

(1) No user list

(2)

*See point system description.

0.014
9.1

} from user survey
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D-217 Code No. 214

COMMERCIAL HARDWARE DESCRIPTION
ASSAY PRINCI1PLE Photometric/Absorption/Ultraviolet

VENDOR Beckman Instruments

Irvine, California

Spectrophotometer 26

" INSTRUMENT
MODEL OR CATALOG No, 132600
Points* Factor Specifications
11.7 Cost $5,300
9.6 Power required 115/230 v, 50/60 Hz, 300 watts
11.0 Volume (m3) 0.088
12.6 Weight (kg) 31.8
10.0 Complexity of use
%%Lg Reliability } from user survey

USER REFERENCES

1) New instrument - no users available

(2)

)

*See point system description.



D-218 Code No. 215

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/Scintillation Counting

VENDOR Abbott Laboratories, Diagnostics Division

North Chicago, Illinois

" INSTRUMENT Auto Logic Scintillation System

MODEL, OR CATALOG No. 121 M

Points* Factor Specifications
10.9 Cost $6,990
9.2 Power required 100/117/230 v, 50/60 Hz, 350 watts
11.0 Volume (m3) 0.089
10.0 Weight (kg) 81.6 (est.)
10.0 Complexity of use,
10.0 Reliability } from user survey

USER REFERENCES

1) No users list

(2)

(3)

*Cee point system description.
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D-219 Code No. 216

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/Scintillation Counting

VENDOR Searle Analytic, Inc.

Des Plaines, Illiuois

* INSTRUMENT Delta 300 Liquid Scintillation System
MODEL OR CATALOG Ko. 989
Points* Factor Specifications
10.0 Cost $10,000 (est.)
9.6 Power required 115 + 10 Vv, 50/60 Hz, 300 watts
7.3 Volune (m3) 0.454
7.7 Weight (kg) 226.8
10.0 Complexity of use} from user SUrve
10.0 Reliability S y
54.6
USER REFERENCES
) No users list

(2)

(3)

*See point system description.
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D-220 Code No. 217

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/Scintillation Counting

VENDOR Searle Analytic, Iuc.

Des Plaines, Illinois

* INSTRUMENT Liquid Scintillation Counter

MODEL OR CATALOG No. Mark II

Points* Factor Specifications
8.4 Cost $20,000 (est.)
5.6 Power required 115 + 10 v, 60 Hz, 2500-1000 watts
5.6 Volume (m3) 1.319
7.0 Weight (kg) 344.7
10.0 Complexity of usey
10.0 Reliability ]} from user survey

46.6

USER REFERENCES

1) No users list

(2)

(3)

*See point system description.
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D-221 Code No. 218

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/Scintillation Counting

VENDOR Searle Analytic, Inc.

Des Plaines, Illinois

* INSTRUMENT Liquid Scintillation Counter
MODEL OR CATALOG No. Mark III
Points* Factor Specifications
7.6 Cost $30,000 (est.)
5.4 Power required 115V, 60 Hz, 3000-1200 watts
5.4 Volume (m3) 1.555
6.5 Weight (kg) 450.0
10.0 Complexity of use
10.0 Reliability 1 from user survey
44.9

USER REFERENCES

1) No user list

(2)

(3)

*See point system description.
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ASSAY PRINCIPLE

D-222 Code No. 219

COMMERCIAL HARDWARE DESCRIPTION

Enzymatic/Chromogenic

USER REFERENCES

1)

(2)

(3)

VENDOR Abbott Laboratories, Diagnostics Di.
Montreal, Quebec, Canada

* INSTRUMENT Biochromatic Analyzer

MODEL OR CATALOG No. ABA-30

Points* Factor Specifications

10.0 Cost $9,910

11.9 Power required 115 + 10 v, 60 Hz, 127 watts

11.0 Volune (m3) 0.089

11.7 Weight (kg) 43.1

10.0 Complexity of use} from user surve

%2;2_ Reliability M

No user list

*See point system description.
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D-223 Code No. 220

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/Scintillation Counting
VENDOR Dade Division, American Hospital Supply Corp.
1 i; Miami, Florida
* * INSTRUMENT "~ Iso-Lect Well Counter

MODEL OR CATALOG No. B 3627-1

TS N P
[
[ J

- Points* Factor Specifications
L

13.6 Cost $2,950

18.1 Power required 120V, 60 Hz, 24 watts

14.1 Volume (m3) 0.033

14.1 Weight (kg) 20.4

10.0 Complexity of use £

%g_g Reliability ] from user survey

USER REFERENCES

1) No users list

(2)

(3)

*See point system description.




D~224  Code No, 221

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Electrometric/Potentiometry

VENDOR Beckman Instruments, Inc.

Irvine, California

“ INSTRUMENT 4500 pH meter

MODEL OR CATALOG No. 123603

Points* Factor Specifications
18.0 Cost $950
13.6 Power required 115V, 60 Hz, 75 watts

18.1 Volume (m3)

0.012

19.4 Weight (kg) 5.7
10.0 Complexity of use} from user survey
10.0 Reliability

USER REFERENCES

(1) No users list

(2)

(3)

*See point system description.

e o



e AT £ e AR eCERIA £

B i

Pl  fpand  Pnad -

L st e

Doy N GIEE SN0 GBS PES N Pund D Pued P Ao B

=

HE- |

8 wnd
-

2 B

bt

ASSAY PRINCIPLE

D-225 Code No. 222

COMMERCIAL HARDWARE DESCRIPTION

Photometric/Absorption/Ultraviolet

0
[
(-

2|

USER REFERENCES

(2) 4 mo
(3 8 mo

VENDOR Beckman Instruments, Inc.
Irvine, California 92664
" INSTRUMENT uv Spectrophotometer 25
MODEL OR CATALOG No. 133101Y
Points* Factor Specifications
12.0 Cost $4,785
9.6 Power required 115/230 Vv + 10%, 50/60 Hz, 300 watts
11.0 Volume (m3) 0.088
12.6 Weight (kg) 31.8
18.6 Complexity of use
17.3 Reliability } from user survey

Harry Grzeskowick 614/889-3333
Ashland CHemical Co.
520C Blazer Parkway
Dublin, Ohio 43017

Dr. Robert Mayer 614/422-1572

The Ohio State University

Johnson Laboratory, Department of Chemistry
140 West 18th Avenue

Columbus, Ohio 43Z.v

Dr. Randy Shull 614/422-1982

The Ohio State University

Genetics Department, 1735 Neal Avenue
Columbus, Ohio 43210

*See point system description.
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D-226 Code No.

223

COMMERCIAL HARDWARE DESCIRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Visible

VENDOR F. Leitz, Inec.

Rockleigh, New Jersey

" INSTRUMENT 340-800 Phcotometer

MODEL OR CATALOG No. 92300

Poincs* Factor Specifications
19.6 Cost $675

15.0 Power required 115V, 60 Hz, 50-30 watts
16.9 Volume (m3) 0.015

16.9 Weight (kg) 10.0

10.0 Complexity of use} from user surve

10.0 Reliability ¥

88.4

USER REFERENCES

(1)

No user list

(2)

(3)

*See point system description.
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p-227 Code No. 224

COMMERCIAL 'IARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorpt .on/Visible

VENDOR E. Leitz, Inc.

Rockleigh, New Jersey

" INSTRUMENT Photometer

MODEL OR CATALOG No. 92320

Points* Factor Specifications
22,1 Cost $419

15.0 Power required 115V, 50 Hz, 50-30 watts
16.9 Volume (m3) 0.Cl16

16.5 Weight (kg) 10.0

10.0 Complexity of use

10.¢ Reliability
90.9

] from user surrey

USER REFERENCES

(1) No user list

(2)

(3)

*See point system description.
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D-228 Code No. 225

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Visible

VENDOR Instrumentation Laboratory, Inc.

Lexington, Massachusetts

(2)

(3)

*See point system descriptionm.

’ INSTRUMENT Densitomcter _
MODEL OR CATALOG No. 377

Points#* Factor Specifications

12.2 Cost $4,500

13.4 Power required 100/115/220 v, 50/60 Hz, 80 watts
11.7 Volume (m3) 0.. )

13.0 Weight (kg) 28.0

10.9 Complexity of use} from user Surve

10.0 Reliability ° Y

70.3

USER REFERENCES

1) No user list

[
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Code No. 226

D-229
COMMERCTAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Enzymatic/Chromogenic

VENDOR Instrumentation Laboratory, Inc.

Lexington, Massachusetts

* INSTRUMENT Clinicard System 120/60

MODEL OR CATALOG No. 68

Points* Factor Specifications
9.9 Cost $10,500
8.4 Power required 100/120/230 v, 50/60 Hz, 500-350 watts
11.2 Volume (m3) 0.078
12.5 Weight (kg) 33.0
10.0 Complexity of use,
10.0  Reliability } from user survey

USER REFERENCES

1) No user list

(2)

(3)

*See point system description.

-—
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-230 Code No. 227

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Refraction/Refractometry

VENDOR GOW~MAC Instrument Co.

Madison, New Jersey

" INSTRUMENT Christiansen Effect Detector

MODEL OR CATALOG No. 80-100

Points* Factor Specifications

16.5 Cost $1, 360

10.6 Power required 115/220 v, 50/60 Hz, 200 watts
15.9 Volume (m3) 0.020

24.4 Weight (kg) 2.3

10.0 Complexity of use} from user surve

10.0 Reliability y

87.4

USER REFERENCES

(1) No user list

2)

(3)

*Zee point system description.



Code No.__ 228

D-231
COMMERCIAL HARDWARE DESCRIFTION

ASSAY PRINCIPLE Electrometric/Potentiometry

VENDOR - Brinkmann Instruments, Inc.

Westbury, New York

- . INSTRUMENT Metrohm Multi-Titrator
. MODEL OR CATALOG No. © 440
g e
; .- Points* Factor Specifications
‘ 8.4 Cost $20,000 (est.)
T 10.6 Power required 110/220 Vv, 50 Hz (60 Hz opt.), 200 watts
L 7.3 Volume (m3) 0.469
18-4 Weight (kg) 160.0
T 0.0 Complexity of use
i 10.0 ReTiabiliZy us } from user survey
54.7
E,.

USER REFERENCES

(1) No user list

(2)

(3)

*Cee point system description.




ASSAY PRINCIPLE
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D-232 Code No. 229

COMMERCIAL HARDWARE DESCRIPTION

Flectrometric/Conductimetry

USER REFERENCES

(1)

(2)

3)

VENDOR Myron L. Co.
Encinitas, California
“ INSTRUMENT Conductivity Monitor
MODEL OR CATALOG No. 3562 B
Points* Factor Specifications
28.6 Cost $150
22,5 Power required 115V, 60 Hz, 10 watts
28.4  Volume (m3) 0.002
25.9 Weight (kg) 1.8
10.0 Complexity of use £
10.0 Reliability } rom user survey

Users not completed

*See point system description.

.
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Code No. 230

D-233
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Refraction/Nephelometry

VENDOR Ecologic Instrument Corp.

Bohemia, New York

o s B L B

"INSTRUMENT Ecolab 104 Turbidimeter

MODEL OR CATALOG NO. 104-001

et

S T g KR TSI T St VI

Points* Factor Specifications
21,7 Cost $450
17.5 Power required 110V, 50/60 Hz (or internal batteries), 27 watts
23.8  Volume (m3) 0.004
24,4  Weight (kg) 2.3

10.0 Complexity of use

_10.0  Reliability } from user survey

USER REFERENCES

(1) No user list

(2)

e A

(3)

*See point system description.
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D~234 Code No. 231

COMMERCTAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Electrometric/Conductimetry

VENDOR Ecologic Instrument Corp.

Bohemia, New York

* INSTRUMENT Ecolab 103 Conductivity Meter

MODEL OR CATALOG NO. 5760-01-3

Points* Factor Specifications
24,5 Cost $275
20.7 Power required 110v, 50/60 Hz (or internal batteries), 14 watts
21.5  Volume (m3) 0.006
264  Weight (kg) 2.3
10.0  Complexity of use ¢
10,0 Reliability } from user survey

—
ot
[N
*

et

USER REFERENCES

(1) No user list

(2)

(3)

*See point system description.



D-235 Code No. 232

b ok

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/Scintillation Counting

VENDOR Baird-Atomic

Bedford, Massachusetts

Bt B Qe G Dy

R T R

* INSTRUMENT Nuclear Spectrometer
-
¢
| MODEL OR CATALOG No. _983-30A
]
- Points* Factor Specifications
i
e
12.8 Cost $3,750
;’ 13.2 Power required 110v, 60 Hz, 85 watts
< 14.4 Volume (m3) 0.030
14.1 Weight (kg) 20.4
10.0 Complexity of use N
10,0  Reliability } from user survey

USER REFERENCES

1) 6 yr Lawrence General Hospital 617/683-4000
1 General St,
Lawrence, Massachusetts

(2)

(3)

*See point system description,
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D-236 Code No. 233

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Pattern Recognition Computer

VENDOR Image Analysing Computers, Inc,

Monsey, New York

" INSTRUMENT Pattern Recognition System

MODEL OR CATALOG No. Quantimet 720

Points* Factor Specifications
5.4 Cost $120,950
5.6 Power required 110/240V, 50/60 Hz, 2550 watts
6.1 Volume (w3) 0.919
7.2 Weight (kg) 300.3
10.0 Complexity of use} from user surve
10.0 Reliability Y

USER REFERENCES

(1) 2 yr Prof, R. F. Sekerka 412/621-2600, x-641
Carnegie-Mellon Univ,
Science Hall 2323
Pittsburgh, Pennsylvania 15213

(2)

(3)

*See point system description.
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D-237 Code No, 234

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE

Pattern Recognition Computer (Image Analysis)

VENDOR

Image Analysing Computers, Inc,

Monsey, New York

Microdensitometer

MODEL OR CATALOG NO.

Quantimet 720D

Points#* Factor Specifications
6.1 Cost $74,070
6.7 Power required 110/240vV, 50/60 Hz, 1300 watts
6.5 Volume (m3) 0.725
8.0 Weight (kg) 202.0
10.0 Complexity of use} £
10.0 Reliability rom user survey
47.3

USER REFERENCES

(1) 10 mo

(2)

(3)

Dr., Thomas R. Hakala 612/725-6767, x-6302
University of Minnesota

VA Hospital

Minneapolis, Minnesota 55417

*See point system description.



ASSAY PRINCIPLE

D-238 Code No. 235

COMMERCIAL HARDWARE PESCRIPTION

Pattern Recognition Computer (Image Analysis)

VENDOR

Image Analysing Computer, Inc,

Monsey. New York

"INSTRUMENT

Macrodensitometer

MODEL OR CATALOG NO.

Quantimet 720 D with Epidiascope

Points* Factor Specifications
6.5 Cost $54,735
7.6 Power required 110/240V, 50/60 Hz, 750 watts
6.9 Volume (m3) 0.556
9.0 Weight (kg) 122.0
10,0 Complexity of use P
10.0 Reliability } from user survey
50.0

USER REFERENCES

1)

(2)

3)

No user list

*See pouint system description.
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D-239 Code No. 236

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Infra-Red

s B pce

VENDOR Wilks Scientific Corp,

i

South Norwalk, Connecticut

« et v
[ Jecn
L 4

- * INSTRUMENT MIRAN-I Analyzer
i
o MODEL OR CATALOG No. 3649
i
-
Points* Factor Specifications
13.4  Cost $3,050
17.9 Power required 115/230v, 50/60 Hz, 25 watts
19.5  Volume (n3) 0.009
19.4 Weight (kg) 5.7
10.0 Complexity of use} from vser surve
10,0 Reliability : y

USER REFERENCES

(1) No user list

(2)

g0 A

3)

S A NI

*See point system description.

i
.
i

G S S EE SN D g Dand B el Beef e pod g




D-240 Code NO.~ 237
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photome*ric/Absorption/Visible

VENDOR Mi'letron, Subsidiary of Capintec Inc,

Mt. Vernon, New York

“INSTRUMENT _ Chrown=-C-Scope

MODEL OR CATALOG NO. with 6é-inch F 3.8 lens

Points* Factor Specifications

12.5 Cost $4,120

15.9 Power required 115/230V, 50/60 Hz, -0 watts
13.5 Volume (m3) 0.039

15.6 Weight (kg) 13.8

10,0 Complexity of use, .

10.0 11ability ] from user survey

77.5

USER REFERZNCES

(1) No user list

(2)

(3)

*See point system descriptionm.
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ASSAY PRINCIPLE

D-241 Code No.___ 238

COMMERCIAL HARDWARL DNESCRIPTION

Electrometric/Potentiometry

r—
(%Y
w
.

(o]

USER REFERENCES

(1) 2 yr
(2) 3 yr
(3)

*See point system des

VENDOR The London Co,
Cleveland, Ohio 44145
“INSTRUMENT Potentiometric Tit. ator
MODEL OR CATALOG N9, _TTT 2
Points#* Factor Snecifica ions
16,6 Cost $1,320
23,8  Power required 115/220V + 15%, 50/60 Hz, 8 watts
17.1  Volume (m3) 0.015
19.3 Weight (kg) 5.8
16.7 Complexity of useB from user Surv
20.1  Reliability om use ey

Dr. S. Moore 201/235-4350
Hoffmann~La Roche

Kingsland St,

Nutley, New Jersey 07110

Dr. Norbert W, Tietz 312/542-2340
Mt, Sinai Hospital Med. Ctr,

Univ, of Health Sci./Chicago Med. School
California Avenue at 15th Street
Chicago, T1llinois 60608

cription.
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D-242 Code No. 239

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Refraction/Refractometry

VENDOR International Micro-Optics

Fairfield, New Jersey

" INSTRUMENT Pulfrich Refractometer

MODEL OR CATALOG NO. PR-2

Points* Factor Specifications
9.9 Cost $10,379
7.6 Power required 220V, 50 Hz, 750-500 watts
12.0  Volume (m3) 0.063
11.7 Weicht (kg) 43.5
10.0 Complexity of use
10.0  Reliability j from user survey

USER REFERENCES

(1) No as=r list

(2)

(3)

*Cee point system description.
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D-243 Code No. 240

COMMERCIAL HARDWARE DESCRIPTION

[=)]
-~
.

~J

USER REFERENCES

(1)

(2)

(3)

3 yr

VENDOR LKB Instruments Inc,
Rockville, Maryland 20852

" INSTRUMENT Reaction Rate Analyzer

MODEL OR CATALOG NO. 3600-5

Points* Factor Specifications
9.8 Cost $10,960

10.3 Power required 115v + 10%, 60 Hz, 230 watts
8.9 Volume (m3) 0.219

11.9 Weighi (kg) 39.9

15.8 Complexity of use

11.0 Reliability } from user survey

B. Powers 914/967-7800
Union Carbide Corp.

401 Thes. Fremd, Avenue
Rye, New York 10580

Dr. J. Karinattu
St. Therese Hospital
Waukegan, Illinois 60085

*See point system descriptionm.
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D-244 Code No. 241

COMMERCIAL HARDWAPE DESCRIPTION

ASSAY PRIKCIPLE Photometric/Refraction/Nephelometry

VENDOR Nissei Sangyo Instruments Inc,

Mountain View, California

“INSTRUMENT T@~2020 Nephelometer

MODEL OR CATALOG No. 2020-800

Point,* Factor Specifications
16.4 Cost $1,385
22.5 Power required 115V, 50/60 Hz, 10 watts

17.1 Volume (m3)
19.2 Weight (kg)
10.0 Complexity of use
10.0 Reliability

USER REFERENCES

(1) No user list

(2)

(3)

*See point system description.

0.015
6.0

} from user survey
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D-245 Code No. 242

COMMERCTAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Visible

VENDOR SHM Nuclear Corp.

Sunnyvale, California

- INSTRUMENT Film Densitometer

MODEL OR CATALOG No, Yone

Points* Factor Specifications
11.0 Cost $6,800

12.6 Power required 115V, 60 Hz, 100 watts
12.9 Volume (m3) 0.047

15.6 Weight (kg) 13.6

10.0 Complexity of use

10.0 Reliability } from user survey

USER REFERENCES

(1) No user list

(2)

(3)

*See point system description.
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D-246 Code No. 243

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/X-Ray Fluorescence

VENDOR Princeton Gamma Tech

Princeton, New Jersey

- INSTRUMENT Chemical Analyzer

MODEL OR CATALOG No. 100-2

Points* Factor Specifications

10.4 Cost $8,490

12.2 Power required 105-125 v, 60 Hz, 115 watts
13.8 Volumne (m3) 0.036

15.0 Weight (kg) 16.0

10.0 Complexity of use, .

%%;%_ Reliability } from user survey

USER REFERENCES

(1) No user list

(2)

(3)

*See point system description.
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D-247 Code No. 244

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/X-~Ray Fluorescence

VENDOR Princeton Gamma Tech

Princeton, New Jersey

" INSTRUMENT X-Ray Analyzer

MODEL OR CATALOG NOo. PGT 1000

Points* Factor Specifications

9.5 Cost $12,000
8.4 Power required 115v, 50/60 Hz, 500 watts
8.2 Volume (m3) 0.288

10.0 Weight (kg) 79.4

10.0 Complexity of use £

10.0  Relfability j from user survey

USER REFERENCES

(1) No user list

(2)

(3)

*See point system descriptionm.



D~248 Code No. 245

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/X-Ray Fluorescence

VENDOR Princeton Gamma Tech

Princeton, New Jersey

INSTRUMENT PORTA-LAB

MODEL OR CATALOG NO. 20

Points* Factor Specificatiors

11.1 Cost $6,600

21.5 Power required 105-125 Vv, 60 Hz, 12 watts (also

19.0 Volume (w3) 0.010 rechargeable battery)
18.6 Weight (kg) 6.8

10.0 Complexity of use

10.0 Reliability
90.2

] from user survey

USER REFERENCES

(1) No user list

(2)

(3)

*See peint system description.



D-249 Code No. 246

COMMERCIAL HARDWARE DESCRIPTION

O

ASSAY PRINCIPLE Photometric/Refraction/Nephelometry

T b AN

VENDOR Volu-Sol

Las Vegas, Nevada

e PAAWLANE Gt f g8 wd

gl gy

? - * INSTRUMENT Nephelometer
-
- MODEL OR CATALOG NO. 00

Points* Factor Specifications
20.2 Cost $595
15.0 Power required 110-130 Vv, 50/60 Hz, 50 watts
16.2 Volune (m3) 0.019
i;il; Weight (kg) 4.1
17.6 Complexity of US€1 from user survey

Relfability

;

105.9

-

e oo s oo GIF IR DN Goy Pug Pund Peed  Peed b  fond B B

USER REFERENCES

(1) 1yr Eastern Medical Labs 603/224-5343
85 South State
Concord, New Hampshire 03301

3yr Polly Tilden 702/986-9943
Reynolds Elec. & Eng. Co.

P. 0. Box 301
Mercury, Nevada 89023

(3)

*See point system description.




D-250 Code No. 247

COMMERCIAY HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/X-Ray Fluorescence

VENDOR Nuclear Semiconductor

Menlo Park, California

" INSTRUMENT Spectrace 440 X-Ray Analyzer

MODEL OR CATALOG No. %“40A

Points* Factor €oecifications
6.4 Cost $58,920

16.6 Power required 110v, 60 Hz, 34 watts
6.7 Volume (m3) 0.636
7.9 Weight (kg) 204.1
9.7 Complexity of use )

15.5 Reliabiliry ] from user survey

62.8

USER REFERENCES

1) 1vyr E. R. Bechtel 602/356-7811
Kennecott Copper Corp.
Ray Mines Division
Hayden, Arizona 85235

(2) 1vr David C. Wherry 608/836-6511
Tracor Northern
2551 West Beltline Highway
Middleton, Wisconsin 53562

(3) 6 mo Dr. Peter Kalina
Sandoz AG, Werk Muttenz
Rothausstrasse 61
Schweizerhalle, Switzerland CH-~4133

*See point system description.



B i i

weeme S frazes

boe oo UEw oun oum s Dl Peud e oy i

o]

—"
H

t &

B oz
(4

"w

L3 2

"o

.e

D-251 Codc No. 248

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Infrared

VENDOR Perkin-Elmer Corp.

Norwalk, Connecticut

 INSTRUMENT 735 Infrared Spectrophotometer

MODEL OR CATALOG No, °007-0206

Points* Factor Specifications

11.7 Cost $5,400

12.6 Power required 105-125 Vv, 60 Hz, 100 watts
10.9 Volume (m3) 0.093

12.1 Weight (kg) 38.0

10.0 Complexity of use £ .

ég'g Reliability 1 from user survey

USER REFERENCES

1) No user list

(2)

(3)

*See point system description.



Reliability

v
~
w

USER REFERENCES

(1) No user list

(2)

(3

“Cee point system descriptcion.

D-252 Code No. 249
COMMEKRCIAL HARDWARE DESCRIPTION
ASSAY PRINCIPLE Photometric/Emission/Fluorometry
VENDOR Perkin~Elmer Corp.
Norwalk, Connecticut
" INSTRUMENT Fluorescence Spectrophotometer
MODEL OR CATALOG No, MPF-44
Points* Factor Specifications
9.4 Cost $12,500
8.4 Power required 115/220 v, 50/60 Hz, 500 watts
9.6 Volume (m3) 0.151
13'3 Weight (kg) 85.0
10.0 Complexity of use} from user survey
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D-253 Code No. 250

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet

VENDOR Perkin-Elmer Corp.

Norwalk, Connecticut

" INSTRUMENT Double-beam Double Wavelength UV-Vis Spectrophotometer

MODEL OR CATALOG N0, 326-0035

Pointe* Factor Specifications
8.7 Cost $17,000
8.4 Power required 110V, 60 Hz, 500 watts
7.3 Volume (m3) 0.456
g-g Weight (kg) 158.8
10.
10.0 Complexity of use} from user survey

Reliability

|

v
N
[o 4]

USER REFERENCES

(1) No user list

(2)

(3)

*See point system description.

P



Code No. 251

D-254
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Absorption/Ultravioler

VENDOR Philips Electronic Instruments

Mount Vernon, New York

Ultraviolet Spectrophotometer

" INSTRUMENT
MODEL OR CATALOG No, _SP-1700A
Points* Factor Specifications
11,0 Cost $6,710
10.6 Power required 115/230vV + 10%, 50/60 Hz, 200 watts
9.7  Volume (m3) 0.145
10.4 Weight (kg) 69.8
10.0 Comp?:xity of use
10.0 Reliability ] from user suvvey

USER REFERENCES

1) No user list

(2)

(3)

#<se point system description.



D-255 Code No. 252

COMMERCIAL HARDWARE DESCRIPTION

w— v
= I {

ASSAY PRINCIPLE Photometric/Absorption/Infrared

VENDOR Philips Electronic Instruments

e

W

Mount Vernon, New York

" INSTRUMENT Infrared Spectrophotometer

- .

MODEL OR CATALOG No, SFE 1100

- -

]
=

5 i_ Points* Factor Specifications
§ * 10.3  Cost $8,795
I 12,6 Power required 110/240V, 50/60 Hz, 100 watts
: I. 10.5  Volume (m3) 0.107
i 11.9  Weight (kg) 40.0
: 10.0 Complexity of use
10.0 Reliability } from user survey

USER REFERENCES

) No user list

(2)

(3)

*See point system description.

Do e GONE GNP GUE Dmg Oy  Peuy  Jiiad  Pries)  Pag peemy P!



Code Xo. 253

D~256
CC/MERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Atsorption/Visible

VENDOR Broomer Research Corp.

Plainview, New York

“ INSTRUMENT SCF-1 Scanning Spectrocolorimeter

MODEL OR CATALOG No. 3720

Pointe* Factor Specifications

15.0 Cost $1,995

12.6 Power required 115V, 60 Hz, (est,) 100 watts
4.2  Volume (m3) 0.032

15,6 Weight (kg (est.) 13,6

10,0 Complexity of use £

10,0  Reliability J from user survey

USER REFERENCES

(1) No user list

(2)

(3)

*See point system description,
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D-257 Code No. 254

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Enzymatic/ATP Photometry

VENDOR Lab-Line Instruments Inc.

Melrose Park, Illinois

* INSTRUMENT ATP Photometer

MODEL OR CATALOG No. 2140

Points* Factor Specifications

11.6 Cost $5,500

16.4 Power required 115/230V, 50/60 Hz, 35 watts
17.4  Volume (m3) 0.014

19.7 Weight (kg) 5.4

10.0 Complexity of use

10.0 Reliability } from user survey

e}
w
L)

[

USER REFERENCES

(1) Users not completed

(2)

(3)

*See point system description.
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D-258 Code No. 255

COMMERCIAL HARDWARE DESCRIPTION

Enzymatic/Chromogenic

USER REFERENCES

1)

(2)

(3)

VENDOR Dow Diagnostics, The Dow Chemical Co.
Indianapolis, Indiana

" INSTRUMENT Enzyme Spectrophotometer

MODEL OR CATALOG No, 1791

Points* Factor Specifications
12.6 Cost $3,995

12.6 Power required 105-130V, 60 Hz, 100 watts
13.5 Volume (u3) 0.039

15.6 Weight (kg) 13.6

10.0 Complexity of use

10.0 Reliability } from user survey

74.3

Users not completed

*See point system description.

b
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V=259 Code No. 256
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Enzymatic/Chromogenic

VENDOR Gilford Instrument Labs., Inc,

Oberlin, Ohio

- INSTRUMENT Computer Directed Analyzer

MODEL OR CATALOG No. 3900

Points* Factor Specifications
8.3 Cost $20,500
8.5 Power required 105-125v, 60 Hz, 495 watts
7.5  Volume (m3) 0.403
8.9  Weight (kg) 130.6
10.0 Complexity of use
10.0 Reliability ] from user survey

USER REFERENCES

(1) 2 mo Dr. D. Buzzee 606/581-1322
St. Elizabeth Hospital
20th & Eastern Ave.
Covington, Kentucky 41014

(2)

3)

®See point system description.
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D-260 Code No. 257

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photography

VENDOR Charles A, Hulcher Co., Inc,.

Hampton, Virginia

" INSTRUMENT 70 mm Sequence Camera

MODEL OR CATALOG No. 108

Points* Factor Specifications
14.6 Cost $2,225

12,1 Power required 24-28VDC, 120-70 watts
21.5  Volume (m3) 0.006

24 .4 Weight (kg) 2.3

10.0 Complexity of use} from user surve

10,0  Reliability Y

USER REFERENCES

1) 3 yr Robert L. Kurtz 205/453-0941
MSFC/NASA
Huntsville, Alabama 35812

(2)

(3)

®*See point system description.
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Code No. 258

D-261
COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photography

VENDOR Instrumentation Marketing Corp.

Burbank, California

* INSTRUMENT Actiommaster 200 Miniature Cine Camera

MODEL CR CATALOG No. 16 mm-1VN-100

Points* Factor Specifications
15.7 Cost $1,650
14.6 Power required 28VDC, 56 watts
33,7 Volume (m3) 0.001
32.8 Weight (kg) 0.7
10,0 Complexity of use
10,0 Reliability } from user survey

ey
-
(e,
.

oo

USER REFERENCES

(1) 1-1/2 yr  Mr. George D. Wood 714/382-2911
HQ AAVS (MAC), DODC
Norton AFB
San Bernardino, California 92409

(2)

(3)

*See point system description,



D-262 Code No. 259

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Particle Counting/Electro-Conductimetric

VENDOR Clay Adams

Parsippany, New Jersey

" INSTRUMENT ACCU~-STAT Blood Cell Counter

MODEL OR CATALOG NO. _ 2401

Points* Factor Specifications

15.8 Cost $1,595

20.3 Power required 95-135V, 60 Hz, 15 watts
14.7  Volume 0.028

19.2  Weight (kg) 6.0

10.0 Complexity of use

10.0 Reliability } from user survey

USER REFERENCES

1) Users not completed

(2)

(3)

kSee point system description.
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D~263 Code No. 260

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Particle Counting/Electro-Conductimetric

VENDOR General Science Corp.

Bridgeport, Commecticut

" INSTRUMENT MK-25/400 Haema-Count System

MODEL OR CATALOG No, ©9108

Points* Factor Specifications
15.4 Cost $1,795
17.1 Power required 115v, 60 Hz, 30 watts
16.4  Volume (m3) 0.018
19.7 Weight (kg) 5.4

10.0 Complexity of use

10.0 Reliability } from user survey

USER REFERENCES

(1) 10 mo William K. Young Jr. 202/245-1616
U.S.P.H.S,
PHS-0PC, 4th & cCSst,, S. W,
Washington, D. C., 20201

(2)

(3)

*See point system description.
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D-264 Code No. 261

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCiPLE Photometric/Refraction/Polarimetry

VENDOR Polyscience Corp.

Niles, Illinois

" INSTRUMENT SR-5 Polarimeter

MODEL OR CATALOG NO. 3-310410 with Sodium Lamp 3-350703

Points* Factor Specifications

17.5 Cost $1,073

12,6 Power required 115v, 50/60 Hz, 100 watts
19.5 Volume (m3) 0.009

18.8 Weight (kg) 6.5

10.0 Complexity of use

10.0 Reli~wility ] from user survey

USER REFERENCES

(1) 2 yr Fred Cramer 616/343-2603
A. M, Todd Co.
1717 Douglas, Box 711
Kalamazoo, Michigan 49005

(2)

(3)

®See point system description.
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D-265 Code No. 262

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Refraction/Polarimetry

VENDOR Perkin-Elmer Corp.

Norwalk, Connecticut

" INSTRUMENT Automation Polarimeter

MODEL OR CATALOG No. 241

Points* Factor Specifications
10.0 Cost $9,940
9.2 Power required 115/206/220/240vV, 50/60 Hz, 350 watts
10.8 Volume (m3) 0.095
11.3 Weight (kg) 50.0
10.0 Complexity of useq ¢ user surve
10,0  Reliability b y

=)
—
(W8]

USER REFERENCES

(1)

Users not completed

(2)

(3)

*See point system cescription.
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ASSAY PRINCIPLE

D-266 Code No. 263

COMMERCIAL HARDWARE DESCRIPTION

Photometric/Refraction/Polarimetry

USER REFERENCES

(1)

(2)

3)

VENDOR Process and Instruments Corp.
Brookiyn, New York
"INSTRUMENT Digital Photoelectric Polarimeter
MODEL OR CATALOG NO. A
Points* Factor Specifications
15.6 Cost $1,670
14.7 Power required 115V, 60 Hz, 55 watts
15.1 Volume (m3) 0.025
16.5 Welght (kg) 10.8
10.0 Complexity of useB from ¢ surve
10.0 Reliability use y
81.9

Users mnot completed

*See point system description.
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D-267 Code No. 264

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Refraction/Polarimetry

VENDOR Rudolph Instruments Engineering Co., Inc.

Little Falls, New Jersey

" INSTRUMENT Spectropolarimeter

MODEL OR CATALOG No., 9245

Points* Factor Specifications
13.5 Cost $2,995

12.6 Power required 115V, 60 Hz, 100 watts
9.8  Volume (m3) 0.142

16.4 Weight (kg) 11.3

10.0 Complexity of use

10.0 Reliability ] from user survey

72.3

USER REFERENCES

(1) Users not completed

(2)

(3)

*See point system description,
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D-268 Code No. 265

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Photometric/Refraction/Polarimetry

VENDOR DuPont Co,, Instrument Pv-luccs Div,

Wilmington, Delaware

" INSTRUMENT Split-Beam Process Polaerimeter

MODEL OR CATALCG No. %402

Points* Factor Specifications

12,0 Cost $4,900
9.3 Power required 95-130V, 60 Hz, 345 watts
9.8 Volume (m3) 0.142
9.2 Weight (kg) 113.4

10.0 Complexity of use £

10.0 Reliability } from user survey

USER REFERENCES

(1) 7 yr J. M. Vidito 317/261-4740
Eli Lilly and Company
P, O, Box 618 -
Indianapolis, Indiana 46206

(2)

*See point system description,
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D-26Y9 Code No. 276

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Radiometric/Gamma Spectrometry

VENDOR Analytical Development Assoc, Corp,

Cupertino, California

" INSTRUMENT Multichannel Spectrometer/Scaler

MODEL OR CATALOG No, ADAC MS-204

Points* Factor Specifications

13,0 Cost $3,500

12,6 Power required 115v + 10%, 60 Hz, 100 watts
15,8 Volume (m3) 0.021

14.5 Weight (kg) 18.1

i8.3 Complexity of use, from user surve

19,0 Reliability s y

93,2

USER REFERENCES

(1) 1 mo Mr. Gary Gallmore 201/775-5500
Jersey Shore Medical Center, Nuclear Medicine Dept.
1945 Carlies Ave.
Neptune, New Jorsey 477'3

(2) 2 yr Richard Thomason 513/853-4175
St. Francis Hospital, Nuclear Medicine Dept.
1860 Queen City Avenue
Cincinnati, Ohioc 45214

3

®See point system description.
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D-270 Code No. 267

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Ultrasonics

VENDOR Automation Industries, Inc., Sperry Div.

Danbury, Connecticut

" INSTRUMENT Reflectoscope

MOD. . OR CATALOG NO. UM 775

Points* Factor Specifications

13.4 Jost $3,120

12.4 Power required S0-130V, 50/60 Hz, 110 watts
13.5 Vol  ’m3) 0.039

15.6 Weig zg) 13.6

10.0 Complexity of use

10.0 Reliability } from user survey

74.9

UCER REFERENCES

(1)

No uscr list

(2)

(3)

*See point svstem description.
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D~271 Code No. 268

COMMERCIAL HARDWARE DESCRIPTION

ASSAY PRINCIPLE Ultrasonics

VENDOR Automation Industries, Inc., Sperry Div,

Danbury, Connecticut

* INSTRUMENT Ultrasonic Reflectoscope
MODEL OK CATALOG No. _UJ
Points* Factor Specifications
14.0 Cost $2,680
28.3  Power required 115V, 50/60 Hz, 4 watts
20.1  Volume (m3) 0.008
19.(7) Weight (kg) 3.4
10,
10.0 Complexity of use} from user survey

_10,0  Reliability

USER REFERENCES

1) No user list

)

(3)

®See point system descriptiom.
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Code No. 269

D-272
COMMERCIAL HARDWARE DESCRIPTION

5SAY PRINCIPLE Radiometric/X-Ray Fluorescence

VENDOR

Philips Electronic Inc.

Prairie View, Illinois

X-Ray Fluorescence System

" INSTRUMENT
MODEL OR CATALOG No. EXAt IV
Peints* Factor Specifications
6.8 Cost $45,000 (est.)
4.6 Power required 175-265V, 50/60 Hz, 5500 watts
6.2  Volume (m3) 0.885
6.2  Weight (kg) 553.4
10.0 Complexity of use

Reliability } from user survey

USER REFERENCES

Q)

(2)

3)

No user list

#®See point system description.
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ASSAY PRINCIPLE

D-273 Code No. 270

COMMERCTAL HARDWARE DESCRIPTION

Photometric/Absorption/Visible

15.0 Weight (kg)
1

0.0 Complexity of use

10.0 Reliability

USER REFERENCES

)

(2)

(3

VENDOR General Medical Systems, Inc.
Garland, Texas

*INSTRUMEN; Chemi-Computron

MODEL OR CATALOG No. 2200

Points* Factor Specifications

10.7 Cost $7,500

11.6 Power required 115/220v, 50/60 Hz, l4u watts
14.0 Volume (m3) 0.034

15.9

] from user survey

No user list

kSee point system descriptiom.
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ASSAY PRINCIPLE

D-274 Code No. 271

CO{™MERCIAL HARDWARE DESCRIPTION

Radiometric/Scintillation Counting

USER REYERENCES3

(1)

(3)

*See point system des

VENDOR General Medical Systems, Inc,
Garland, Texas
* INSTRUMENT Iso=-Computron
MODEL OR CATALOG No, _ 1200
Points* Factor Specifications
13.5 Cost $3,000
15.0 Power required 115/220V, S0/60 1'z, 50 watts
13.5  Volume (m%) 0.039
14.1 Weight (kg) 20.4
10.0 Corploxity of usc} from uscr SUrve
10,0  Reliability er Y
76.1

No user list

cription.

[
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